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ABSTRACT ; .
This military-developed text contains the final

segtioﬁ of a four-part course to train environmental support
specialists. Covered in: the individual course. blocks are maintenance
of water and waste processing system .components (external corrosion
control, ‘cathodic protection, drive equipment, pipelines and valves,
meters and recorders, chemical feeders, maintenance of sewage plant
equipment, pump maintenance, and wells and well maintenance) and
- collection, transportation, and disposadl of solid waste (solid waste
processing, duties of solid waste monitors, solid waste collection
planning and procedures, solid waste transportation, solid waste
disposal methods and their operation, sanitation in solid waste
processing, public health, and nuisance aspects). This section
rcontains both teacher and student materials. Printed instructor
materials include lesson plans with an outline of teaching steps and
a plan of instruction detailing the units of instruction, the :
duration of the lesson, objectives, and supportive materials needed.
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MILITARY -CURRICULUM MATERIALS

The military-developed curriculum materials in this course ‘
package were selected by the National -Center for Research in
: * Vocational Education Military Curriculum Project for dissem-
. . ination to the six regional Curriculum Coordination Centers and
° other instructional materials agencies. The purpose of”
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian settihg.
The course materials were acquired, evaluated by project
. staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either amitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development. ) 5
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the ability of diverse agencies, institutions, &5 r’: . ,!,3( ¥
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e Evaluating individual program needs . H" -
and outcomes { . ' 58
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¢ |nstalling educational programs and B
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¢ Conducting leadership development and . ’
training programs , .
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an activity to increase the accessibility o

vocational and technical educators. -

form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

The National Qenter for Research “in
Vocational Education is the U.S. Office o
Education’s designated representative to

aClIVIlIeS

‘ Project Staff:
Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D. +
Pro;ecl Director

f

military-developed curriculum materials to

This project, funded by the U.S. Office of
" Edycation, includes the identification and
acquisition of curriculum materials in print

Access to military curriculun: materials is
provided threugh a “Joint Memorandum of
Understanding” between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject' matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

f

acquire the materials and conduct the project

D

-

-One hundred twenty courses on microfiche.

(thirteen in paper form) and descnptnons of
each have been provided to the vocatipnal
Curriculum Coordinatiow»Centers and other
instructional materials agencies for dissemi-
nation. © - "
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Course materials include programmed ~

instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals. - -

The 120 courses represent the following
sixteen vocational subject areas:

Agncullure Food Service
- Aviation Health
Building & Heating & Air
Construction Conditioning
Trades Machine Shop
* Clerical Management &
~ Occupations Supervision
Communications  Meteorology &
Dralting Navigation
Electronics Photography

Engine Mechanics  Public Service

The number of courses and the subject areas

represented will expand as additional mate- -

rials with application to vocational and
technical education are identified and selected
for dlssemmatlon

2

Contact the Curriculum Coordlnatton Center
in your region for information on obtaining
materials {e.g.° availability and cost). They *
will respond to your request directly or refer

closer to you.

S,
CURRICULUR COORDINATION CENTERS

EAST CENTRAL

Rebecca S. Douglass

Disector

100 North First Street

Sprmgheld 1L 62777
217/782-0759

MIDWEST
Robert Patton
Director

. 1515 West Sixth Ave.

Stillwater, OK 74704
405/377-2000

NORTHEAST

Joseph F. Kelly, Ph.D.

Director
225 West State Street

_Trenton, NJ 08625

609/292-6562

, you to an instructional materials agency

NORTHWEST
William Daniels
Ditector

Building 17
Airdustrial Park
Olympia, WA 98504
206/753:0879

SOUTHEAST

James F, Shill, Ph.D.

Director

Mississippi State University
Drawer DX .

Mississippi State, MS 39762

601/325-2510

WESTERN i
Lawrence F. H. Zane, PhD

Director & 7

1776 University Ave.
Honoluly, HI 96822
808/948-7834
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Course Description: 4 N o

This is the last section of a four-part courss to train en#ironmental support specialists: The course’includes training in water treatment plants, operating
procsdures for solid weste disposal, and maintenance of weter and waste processing system components. Thae pravious sections dealt with waste .
processing, weter analysis, water treatment, and weste disposal. This saction discusses maintenance of processing system componen s, and the collection,
tnnspomtion and disposal-of solid weste. It contams two blocks of instruction covenng 96 hours. ? *

Block VI - . Maintenance of Water and Waste Procssmg System Components contains eight lessons covaring 70 hours of instruction. A ninth
& " . )Icsson on logs and reports was deleted because it used military forms. The lesson topics and respective hours follow:
External Corrosion Control (3 hours) ¢ ‘

Cathodic Pgotection (3 hours) ) ) —
Drive Equi/;ment and Accessories (10 hours) .

Pipelines; Valves, Meters, and Recorders (8 hours)

Chem«/enl Feaders (8 hours) -
Maintanance of Sewage Plant Equipment (8 hours)

mp Maintenance (22 hours) ; ‘

Walls and Well Maintengnco (8 hours)

A .

Collection, Transpurtation dnd Disposal of Solid Waste contains seven !ossons covering 26 hours of instruction. An eighth lesson
on logs and reports was deleted. e

Biock Vil

Introduction to Solid Waste Processing {2 hours)
. Duties of Salid Waste Monitor (1 hour)

Solid Waste Collection Planning and Procedures (6 hours) -

Solid Waste Collection and Transportation (3 hours)

Solid Waste Disposal Methods and Their Operation (12 hours)

Sanitation in Solid Waste Processing (1 hour) . . . . -

Public Heaith and Nuisance Aspects (1 hour) . _ .

o

This section contains both teacher and student materials. Printed instructor materials include lesson plans with an outline of tmhin§ steps and 3@
plun of instruction detailing the units of instruction, the duration of the lesson, objectives, and support materials needed. Student matmals include
two study guides containing objectives, assignments, text rndmg, and review questions and two workbooks containing exercises and 1ab work,

Several military technical manuals and commercially produced texts are also referenced but are not providud. Audiovisuals roconmcndcd for the
. entira four sections but not provided include twenty filme, three slide sets, and one schematic diagram. This section shouid be preceded by

Environmental Sunport Specialist, Blocks 1-V (17-4), {17-5), and (17-6). 1t can be presented in a large group instructional setting or adapted for

individualized study in waste-treatmant or ecology courses.

r
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. . * CCURSE TITLE [ - T he g .
. - FLAN OF INSTRUCTION ) " i Environmental Support Spec\:lallst/ . \ K
E oo TerLg . . . 7 i v
. . - . " , / .
+ ~ - Maintenance of Water and Waste Processing Systqm Components N
- . . . 'y g . * LI . >
¢ %mrs OF INSTRUCTION AND CRITERION ORJECTIVES 98.%:,2?," . ) s.ee0RY unenjz‘ns AND GULDANCE °
- " 2 3 N A N - :- . » .
1. External Corrosion Control- 3 Column 1 Reference’ "STS-Reference * ’ - :
' ‘ (2/1) 1a : . & - ) . q
Day 46 |[1b « .. . Tk, ' : N
defi . Followmgnwtr ifui? ins;mctions i . -il.5/.1) m&%nemalbormslon Control ' ’ : | )
ne corrosion, list factors for corrosion . ) .
to occur, list types of corrosion, and meth ods W.B 3ABR56330-VI-1-P1, I?frod\:ction to Corros%on Control | LT
of prevention. . Audio Clsual Alds / %o oL e
) ) TF 5568, -Corrosion in Aerospace Weapons Systems SRR P
b. Given samples of metals, determine (0.5/0) | SAFB 58 Corrosion (Steel Horizons) . 1
kinds of corrosion on the metals and their . N
pre vention . ) TnlninLethOdS ’ “ "‘ h -,7 .
o ’ L . | Discussion (1.5 hrs) . . .
Performance (0.5 hr) . . . v -
Outside Assignment (1 hr) , v o .
\ - .Instructional Envlronment/D@@ ’
: . Classroom (1.5 hrs) . .
, Laboratory (0.5 hr) ) . : . . p
Study Hall (1'hr) . . T
. o , Group/Lockstep : ‘ ., '
. Instructional Guidance . -
. Discuss the methods of removing corrosion and how to treat ferrbus
.stainless steel, and copper metals, Discuss and present film,
P Sl
2, Cathodic Protection 3 _golumnl Reference STS Reference
’ (2/1)- a A
Day 46 | 2b i Tm/” C
a, Identify methods of cathodic protection| (1/0.5) _ S .
list the equipment protected by cathodic C . -~ . ~ .
| m “ . o ——— e~ amman : ——— - FY T - ~—a e A - — ed '
JEEERN 3.25 SF ANSTRUCT.ON NG, 3ABR56330 2:vs 6 June 1975 ‘ s 1 w40
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PLAN OF INSTRUCTION (Continved)

.‘;sf" D RIRUCTIONLAND CRITER.ON.OBJECTIVES _ - ,_,;:’"%AJR'QL_ ‘4 ;m,_ R SUPPORI MAcEQ Aot AND o0 DAN\.E
b. List the installation procedures for (1/0,5) [Instructional Materlals .
: cathodie protection, and the safety precautions| SG JABR58330-VI-2, Cathodic Profection
" Ftoobserve wher}-worklng with cathodic’ WB 3ABR56330- VI-2-P1 *Cmati{oa'ié—Protectlon e
protection systems, Audio Visual Alds
: ‘ iTF 614Z, Public Works and Public Utilities
- . .o : -Training Equipment. ¢
o N :Cathodically Protected Pipeline (12)
. ; Multimeter (6)
_ > ¢ " !Training Methods
3 n Discussion (1 hr) ,
1 ' ) Performance (1 hr)
. - |Outside Assignment (1 hr) .
g \ \\ i Instructional Environment/Design .
| . ’ -Classroom (1 hr)
\ , “Laboratory (1 hr) \ e ) e :
\ ) : ‘Study Hall (1 hr) ' : —— —
. "Group/Lockstep
. . JInstructional Guidance \\
) Discuss and demonstrate the \methods- of providing cathodic protection to
%fire protection distribution systems and other components, Check
< . : -cathodically protected pipeline system.
3. Drive Equipment and Accessories 10 ‘Column 1 Reference STS.Reference
, (8/2) Ja_ . Ba, 7M(1), 1(2)
. Days46  !3b ‘ 3c, 7((3)
- and 47 3c . 3c, T1, 7i
a. Following written instructipns, inspec (2/0)
start, operate, and shut down' gasoline engine-| - IMtNCﬁO“ﬂl Materials ;
driven water pump and portable generator, + SG 3ABR56330-VI-3, Drive Equipment and Accessories
v ° WB 3ABR56330-VI- 3- P1, Drive Equipment and Accessories
* 'WB 3ABR56330-VI-3- P2 Operating a Gasoline Engine
. - ) . _ ‘ [AFM 85- 13, Maintenance and Operation of Water Plants and Systems
' )
a0 2T TEL LK, 3ABR56330 . DATE « 46._Iune 1975 ) ) J 117.0C¥ nO, VI »J_:;-.- . 41
o 14
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PLAN OF INSTRUCTION (Continvéd)

calculate the chemicals required, within + 1
ounce, to sterilize the repaired extension,

3ABR56330 .

PLAH OF INSTRUCTION NO,

DATE § June 1975

J BLOCK NO. Vi

v

Y
A

\ UNITS OF INSTRUCTION AND CRITERION OBJECTIVES .~ 20}‘,,"01;',{%" , SUPPORT MATERIALS AND GUIDANCE
. b "Using"AFM-85-13 -as a-guide; -perform|- (1/0) | Training Equipment . ___ -
..an inspection of an electric motor and correct Electric Motor (4) I A -
minor discrepancies. Gasoline Engine (12)
’ .. Drive Equipment (12)
c. Following written instructlons, inspecy (5/2)
equipment having belts, chains, and variable Training Methods -
speed drives; couplings; and shearpins. Discussion (2 hrs) h
Report maior maintenance to responsible Demonstration (1 hr)
‘1 organizations, Performance (5 hrs)
X . Outside Assignment (2 krs)
lndruc’tional Environment/De si@ T
Class:oom (2 hrs)
Laboratory (6 hrs)
Study Hall (2 hrs)
" Group/Lockstep
Instrucdonal Guidance ¢
‘I 'Démonstrate how to start and’ operate the gasoline engine and observe
safety around all 'moving machinery. Insure that water pumps are
primed before starting engine. Check outside assignments daily:
Day 46, read SG VI-1 thru 3, and answer questions on pages 15, 16, and
20; Day 47, ‘answer questions on page 33.
4. Pipelines, Valves, Meaters, and 8 Column 1 Reference STS Refereunce
Recorders . (6/2) 4a 7g(8), ,&(9), 7
Day 48 | 4b g G") b " ﬂ
a, Using the pipeline trainer and (1.5/0.5) | 4c » g ‘
following written instructions, stop a water 4d Zh_
leak by installing a compression coupling and 4e (4 '
11%2)




PLAN OF INSTRUCTION (Continved)

UNITS OF INSTRUCTION AND CRITERION OBJECTIVES :&RQAJ;?)N 3 SUBPORT MATERIALS AND GUIDANCE
b. Using related information, identify {1/0.5). |Instructional Materials
. | procedures for locating buried pipelines, SG 3ABR56330-VI-4, Maintenance of Pipelines, Valves, Meters, and
valves, and underground water leaks. Recorders .
—— — - —- — - 4 ____|WB3ABR56330-VI-4-P1, Maintenance of Pipelines, Valves, Meters,
c¢. Using related information, identify (0.5/0) -and 'Recorders e —
procedures for thawing frozen pipelines. ”
. ’ Training Equipment »
d. Following written instructions, list (0.5/0) | Recorder (1
the methods and procedures for prevention of Gate Valve (1)
back siphonage. Globe Valve (1)
i Water Meter (1)
e. Following written instructions, (1.5/0.5) | Pipeline Trainer (4)
disassemble, repack, and assemble a gate .
valve. Training Methods
Discussion (2 hrs) - .
f. Following written instructions, inspect| (1/0.5) | Performance (4 hrs) .

flowmeters, change recorder charts, and read
water meters within + 1 unit,

3

1 Group/Lockstep

Outside Assignment (2 hrs)

Instructional Environment/Design
Clagsroom (2 hrs)

"Laboratory (4 hrs) .
Study Hall (2 hrs) -

Instructional Guidance

Before starting performance, show the students the proper wrenches to
use and stress not to over tighten nuts on pipe clamps. If over
tightened, clamps will be distorted and damaged. Check outside
assignments daily: Day 48, read SG VI-4, and answer questions on

page 51,

5

3ABR56330

PLAN OF INSTRUCTION NO. o

oate 6 June 1975

‘ T ) l PAGENG. 43




disassemble and reassemble a [luoridator.

&

/
" PLAN OF INSTRUCTION (Continved)
, UN:TS OF "NSTRUCTION AND CRITERION OBJECTIVES 2°}’H':,‘J.§§’," . SUPPORT MATERIALS AND GUIDANCE t,
5. .Chemical Feedexs 8 Column 1 Reference " STS Réterence
(6/3) ba ;TJ 5 .
) Day 49 | 5b kil
a. Following written ingtructions, (3/1) 0
dxsassemble and reassemble a hypochlorinator, Instructional Materials
, SG 3ABR56330-VI-5, Chemical Feeders
s ﬁFollowmgfwrittenqnstmchons, (871 'WB*SKBR‘JG%D VI-5-P~I‘“GEeEI‘ci!”Feeders T —

’Training Eqmpment \\

Hypochlorinator,. Pump, and Motor (6) \

: E{qorldator (6). N v

Training Mehods._ , f

Discussion (2 hrg) - i ‘
Performance.(4 hrs) Tl
Outside Assignment (2 hrs) T

Instructional Environment/Design_ ~
Classroom (2 hrs) - T~
Laboratory (4 hrs)

.Study Hall (2 hrs) '

Group/Lockstep

Instructional Guidance

Divide class into two groups.for performance and rotate groups as
required. Check outside assignments daily: Day 49, read SG VI-5, and
angwer questions on pages 69 and 61,

13

»
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UNITS OF INSTRUCTION AND CRITERION OBJECTIVES

PLAN OF INSTRUCTION (Continued

DURATION
2 (HOURS)

~

SUPPORT MATERIALS AND GUIDANCE
3 .

-6. Maintenance of Sewage Plant Equipment

¢ <

a. Using AFM 85-14 and following writ-
ten instructions, list the mainterance required
for grit chambers, shredders, bar screens,
and- sednmentanon tanks, -

T b Following written instructions, ~ —
determine the items of inspection and main-
tenance required for a sewage lift atation.

c. Using AFM 85- 14 and followlng .
written instructions, list the maintenance
required for digester, trickling filters,
separators, and processing equipment,

d. Using base gewage plant (or sewage
trainer during bad weather), inspect sewage
‘1 lift stations, grit chambers, shredders, bar
screens, sedimentation tanks, digesters,
trickling filters, and processing equipment

for required maintenance using class notes as

a guide.

-4

et

8
© (6/2)
Day 50
(1/0.5)

’ ""(1‘/0;‘5)‘

(/19

STS Reference

Sc, 1ig(D), 11g(s), 11h(2), 121
111 .

i}?“}i llh(O}, lszk 11h(3), 11a(4), 11h(9)
5(1), X(3), 11h(32), 11a(4), 11K(9) .
.gg' 121 - )

Column 1 Reference
Ga
6b
6c
6d

Instructional Materials . -
~9G-3ABRS6 V1-6,-Maintenance- of~Sewage—let»Equlpment
wB 3ABR56380-V1-6-P1 Maintenance of Sewage Plant Equipment

AFM 35-14, lla.lntemnce and Operatlon of Senge and Indudrlal Wade

Plants and Systems o -

T Fquipment
Sewage Trainer (12

Training Methods
Field Trip (3 hra)
Discusslion (1 hr)
Performance, (2 hrs)

_Outalde Assignment (2 hrs)

Instructional Environment/Design -
Field Trip (3 bre)

Classroom (1 hr)

Laboratory (2 hrs)

Study Hall (2 hrs)

Group/Lockstep

Instructional Guidance
-During trip to base sewage plant, have students mspect mage plant
equipment for condition and necessary maintenarice. If weather is bad,

3
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PLAN OF INSTRUCTION NO.
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oATE 6 June 1975
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’ _ PL AN OF INSTRUCTION (Centinued
. SR TEOF WNITRCITION AND CRITERION OBJECTIVES | ::JHROAJR‘%N 3 SUPPORT MATERIALS AND GUIDANCE
use sewage trainer to perform required inspections, Check outside )
assignments daily:’ Day 50, read SG VI-6, and answer questions on page | .
72,
7. Pump Maintenance 22 * | Column 1 Reference STS Reference
' (16/6) | Ta . TE(1) ,
N ’ . |Days 51,52 - — (1), 1le  °
S and 53
a, Given conditions of a defective cen~ (6/2) | Instructional Materials e
| trifagal pomp and 2 troubleshooting guide, 5G SABR56330-VI-7, Pump Maintenance
determine and lld the" required maintenance: | | WB.3ABR56330-VI~ 'l:-Pl Identification of Pumps and Parts )
for the pump, . WB §ABR56330-VI-7-P2, Teardown, Reassembly; -and-Operation of a R , .
) ’ entrifugal Pump o~
‘b., Following written instructions, (10/4) . ‘ o
disassemble a centrifugal pump, inspect and . l(udio Visual Aids
replace defective parts, reassemble and /| TVS 56-8, Centrifugal Pump Maintenance
connect pump to-a drive assembly, and adjust
-leakage from 3 to 6 drops perminiite during o Tralninlg' .E_:lgglgment ?
operational check, Centri Pump )
. Turbine Pamp (12)
Arxial Ylow Pump (13)
Training Methods - ’
Discusaion (4 hrs)
Performance (12 hrs)
- : : Outside Asmgnmenta (6 hrs) . )
Indmctiona.l Environment/De sign ! B :
Classroom (4 hrs) )
- Laboratory (12 hrs) , N
Study Hall (6 hrs)
Group/Lockstep
\ <
PLAN OF 1i"R.CTi%0 1 3 ABRE6330 oATE  § June 1975 ]iLocx NO. YT - ' ] PLGENT 46
K - r) 1 L
~ 3 Ul . ~




" PLAN OF INSTRUCTION (Centinved) ) . : ¢ '

UNITS OF INSTIUCTI(.)N AND CRITERION ORJECTIVES

DURATION
, HouRs)

SUPPORT MATERIALS AND GUIDANGE

3 ’ . ‘ - ».,’

a

-

8. Wells and Well Maintenance

¢ - -

a. Following written lndx'uctions,b
identify types of water wells and constmction
features,

b. Following written instructions, list .
the methods and. procedures ‘for backwashing

awell, cleaning well screens, and prevention -

| of treeze up of wells, .

‘c. Given operating data and following
wrilten instructions, calculate static level,
pumping level, and drawdown, and calculate
within + 1 ounce the calcium hypochlorite
needed to sterilize a well that contains 1000

gallons of water,

.

(6/3)
Days 53
and 54

(2/0)

. @/1)

(2/1)

Instructional Guidance | -

Observe students to insure that they are using correct wrenches. Stress
hazard to equlpment from over tnghtening nuts and bolts, Insure.each
student has aligned puinp with! fotor to prevent shaft'and coupling

damage. If pump has excessive leakage, have students recheck packing,
.| Check outside tssignments daily: Day 51, read SG VI-7, Day 52, review

8G VI-fl.
Column 1 Reference ' STS Reference
Ba ') )
8b - :,a}'z 2), Tz(3), 1g(5) : ©¢
8c ' R - -:}

. . ‘,‘ N q
Instructional Material a
SG SABR56330-VI-8, Water Well antenanc)-

WB SABR56330-VI-8-P1, Water Well Maintenance

[

Training Methods -
Dllculﬁon 15 hr ) ) ! ’

Performance (3 hrs)

Outside Aosig'nment (2 ‘hfs) .

Indructlonal Environment/Design

Classroom ( § hrs) - - “ '
Laboratory (3 hrs) - ‘ ‘
Study Hal). (2 hrs) . \
Group/Lockuep . . ’ \
Instructional Guldance

Each student will compute probleml nvolving static leyels, pumping
levels, and drawdown. Day 53, answer questions on page 84 i SG for
outgide assignment. . . .

-

? . \ e
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) PLAN OF INSTRUCTION {Continved CE
. :. hY '-VS . NSY R'JF}’IDN mo’;unggog; OQ‘IECTWE? ::,H.OAJI'?)N - ; - - “SUPPORT MATERIALS AND GUIDANCE
19. Logs and Reports” * “ .6 _Column 1 Reference '.. ' STS Refereuce .
) . . - (8/0) %a D c, -
N .. " Days 54 | 9b - 6¢c, 1,7 11n, 12j
1. N and 55 S
a. Using AFM 85-13 and AFM 85-14 and | (2/0) Instructional Materials
following written instructions, identify the SG 3ABR -VI-9, Logs and Reports
| purpose of logs and reports used in water and .| WB 3ABR56330-V1-9-P1 Logs and Reports
waste processing. : AF Forms 708, 995, 396 1460, 1461, 1462 1463
. . | AFM 85-13, Malntenance and" Operation of Water Plants and Systems
b. Usipg AFM 85-13 and AFM 85-14 as (4/0) AFM 86-14, Maintenance and Operatlon of Sewage and Industrial Waste
‘tpude and provided with related information, . : Plants and Systems ,
ake the proper entries in the appropriate
Al? ldrx_n. ‘ . Training Methods . ¢ ,
Y Discussion (2 hrs) o i
\ . . Performance (4 hrs)
L Instructional Envimnmont/Deslgn_
N ( . Classyoom (2 hrs) .
- Laborhtory (4 hrs) Co
4 Group/Lockstep ‘ .
' ’ . Jndmctlonal Guidance ’ \
) - . s Iamie one of each of the AF formsdisted in column 3to each student,
! Explain‘the use of each form and have students make @roper entries on
- - each form, Chéck outside assignments daily, Day 54, read pages 85-99
. P ! ) in SG and answer questions on pages 99 and 100.
10. Related Training (as shown in course . i . ’
chart) ° ) :
ll-; ‘Measurement Test :and Test Critique (2/0) o :
o : PR Day 55 (
. ’ . | j w )
Py TE RO N, SABR56330 oaTe 6 June 1975° Tecoexwo. ™ [ 4 - s
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¥ pLANOF INSTRUCTION

1. COURSE.TITLE

.

Environmental Sm\Sp\eglaust :

BLOCK TITLE

Collection, Transporfation, and Disposal of Solid Waste

1
‘

a. From provided information list-the
duties of the solid waste monitor.

;Qur's OF INSTRUCTION AND cm;emo’i OBJECTIVES °}’,."°t,',{2f SUPPORT MATERIALS AND GUIDANCE S 8
L I ' . 2 3 . - » \\
1. Introduction to Solid Waste Processing 2/ Column 1 Reference STS Reference
. & (2/0) a P __3,13 13b(3), 13c, 13e(6)
Day 56 ) . ’ ’
[nstructional Materials "
. a, Given a list of various types of (2/0) -1, Introduction to Solid Waste Processing
s0lid waste and three waste classifications 3ABR56 O-Vll-l-Pl Introduction to Solid Waste Processing
(garbage, debris, and rubbish), list each FM 91-11; Solid Waste Management
solid waste type nnder its correct
ciassification. ’
. erformance (1 hr) ‘
ructional Environment /Desi ign
room (1 hr)
- {Laboratory (1 hr)
‘IGroup/Lockstep ° o .
” - ructional Guidance : X
- dent will complete workbook in class. Explain responsibilities of
. rgonnel, Prepare a list of varioua types of solid waste so students
. y accomplish criterion, »
2, Duties of Solid Waste Monitor 1 olumn 1 Reterence « STS Reference !
(1/0) ] - ,13b(3), 13e(1), 13e(2),
Day 56 l3e(3), 130(4), 13e(5), 13e(8) .

‘

@/ tructional Materials .
. ~-VII-2, Duties of Solid Waste Monitor
i 3ABR56330-VII-2-P1, Duties of Solid Waste Monitor

AFM 91:11, Solid Waste Management

PLAN OF INSTRUCTY On NO.

3ABR56330

OATE

6 June 1975
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e S e R — 1 msmucnomc:«“i.ﬁu.d) e : .
. UNITS OF INSTRUCTIDN A.‘ND’CRl'rERAION OBJECTIVES v :‘)?HROAJRI?)N‘ T ;“_:' R TT T 7T SUPPORT MATERIALS AND C-G?SATJ:E“' - T oo —
Tralning Methods ) T
. cussion (0.5 hr)
Perlormnce (0.5.hr) -
Instructional Environment/Deslﬂ
: Classroom {0.5 hr)
. : Laboratory (0.5-hr) . .
Group/Lockstep g s
“ Instructional Guidance ‘
v . [This presentation 15 a brief.overview of the duties {or a solid waste
processing monitor.
3. "Solid Waste Collection Plannlng and “ 6 Column 1-Reference - STS Reference ‘
Procedures - . (6/0) (3 : 3c, 13e(1), 13e(2), l3e(3) 13e(4), 13e(5)
Days 56 3b 3c, 13c, l3e(6) .
* and 57 3c . 3c, 13b(1), ﬂb(z) 13b(3), 13e(2) :
3d L4 30, ﬂe‘l, ’
a. Provided information from AFM gl/ ll1 (1/0) [3e 13e : C
list the factors to be considered when plannlng i e :
{ collection activities, Instructional Materials )
- nstructiona eria . .
b. Using AFM 91-11 and AFR 127-101, (1/0) [5G JABR56330-VII-3, Solid Waste Collection Planning and Procedures
establish a set of safety precautions to be iWB 3ABR56330-VII-3-P1, Solid Waste Collection Planning and .
observed during collectlon operations of : Arfirg:efllre;o 1d Waste M X |
solid waste. - e Managemen
. . AFR 127-101 Ground Accident Prevention ’{andbook ; -
ce Uslng ‘AFM 81-11 and following .(1/0) 'Base Map
written instructions, determine the best '
locations for solid waste pickup stations, - Audio Visual Aids .
and types of storage containers. - . ;‘tﬁc 520215713 TtT‘;‘du%t l‘;e Pthlele l:leighbors .
. . - e 3rd Pollution
PLAN OF INSTRLSTION 1D 3ABR56330 DATE 6 June 1975 ['e w0 VIl l 2wl B0 B
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PLAN OF INSTRUCTION (Continued)

_ JK2TS OF INSTRUCTION AND CRITERION OBJECTIVES

DURATION
5 HOURSY

. SUPPCRT MATERIALS AND G TaNTE
3 -

d. ‘Using AFM 91-11, list the frequency
of collection of garbage, rubbish, and debris
for separate collections and comblned
collectlon. -

e, Given d base map which shows solid ¢
waste pickup stations-and location of the
sanitary fill, lay out the most feasible route
for collecting the solid waste.

f. Given AFM 91-11 and a list of various
types of collecting vehicles, pickup stations,

and number of pickups per day, determine the |

number of personnel .required to perform
supervisory responsibilities and-driver,
loader, and helper responsibilities.

4, Solid Waste Collection and Transportation

a. Given AFM 91-11, list the four
‘| common types of collection equipment.

b. Given AFM 91-11 and various
problems containing one or more of the known
factors in solid waste collection and disposal
procedurel, select the best suited equipment
to accomplish the job

¢, Given AFM 91-11, list the rules for
proper utilization, operatlon, and care of
collecmm equipment,

(1/0)
(1/0)

(1/0)

3
(3/0)
Day 57

(1/0)

(1/0)

Trainiag Methods
: Iﬁincuulon (3hrs)

[Performance (3 hrs) /

Instructional Environment/Design
{Classroom {3 hrs)

Laboratory (3 hrs) -
Grou'p/lochtep

tructlonnl Guidance
is presentation will cover the phnnlng for best pickup locations, routes,
s of vehicles, number of personnel, and responsibilities for solld
te collection and disposal. Use of the base map will be introduced
d discussed. Correlation ot pertinent manuals and maps will be used
to meet the objectives.

STS Reference
c,

3¢,

3¢,

iColumn 1 Reference .
rry

4b .

4c

Instructlonal Materials
R -VI-4, Solid Waste Collection and Transportation
Equipment -
'WB 3ABR56330-VII-4-P1, Solld Waste Collection and Transportatlon
Equipment
AFM 91-11, Solld Waste Management .

Audio Visual Aide )
[Training Film: MP 67-5, An Investment in Tomorrow

228 CF NSTRUCTION KO,

3ABR56330

CATE

6 June 1975

il
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PL AN OF INSTRUCTION (Continved

<N TS CF INSTRUCTION AND CRITERION OBJECTIVES ) CouR
. 2 ? -

" ITraining Methods
,/Discussion (1 hr)
iPecformance (2 hrs)

Instructional Environment/Dem
:Classroom (1 hr)

leontory (2 hrs) '
iGroup/Lockstep,

‘Instructional Guidance )
Emphasize the Tmportance of proper selection and utilization of
‘collection equipment.

5. Solid Waste Disposal Methods and Their 12 :Column 1 Reference ) STS Reference
‘Operation . (12/0) Ba ' 1)
Days 68 5b o 3c 13M3)

and 59  5c¢ 3c.- 13((2)
5d, 3c, Tﬁsrt '
a. Given AFM 91-11, list the methods (1/0) ‘se ' 3c, 1313:

and operatin* princlnles of a sanitary landfill, ¢ . '
.Instructional Materials

b. Given AFM/91-11, 1ist the items to (2/0) SG SABR583¥0-VIT-5, Sold Waste Disposal Methods and Their Operation
observe to determine the correct utilization - WB 3ABR56330-V11—5-P1 Solid Waste DXSposal Methods-and Their
of earth moving equlpment Opération

! : -
c. Given AFM9I-11, list the standarda | (1/0) AFM 91711, Solid Waste Managoment

“and operating principles of lnc[nentors. Audio lsual Aids

- - d Saved
d. Given AFM 91-11, list the items to (2/0) es MK Waste Land Sav
observe when determining the correct ' Training Methods
utilization of incinerators. ﬁscuuion (Shrs)
. : _Performance (4 hrs)
e. After observing the equipment and (6/0) “.Field Trip (5 hrs)
operating proceduies utilized by base sanitary P
landtill, name the equipment and safety ;
pre‘mutions observed. . l
J

une 1975 [ sockno. yr
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. ;‘ PLAN OF INSTRUCTION (Continued) e .
WA TS S NSTRUCTION -\ND'CRIEI ERION ORJECTIVES :.’?J;J.'gé s B SUPPORT unenu:.s:mo GUIDANCE 3
[ fructional Environment/Design
room (3 hrs) )
’ / ratory (4 hrs) ‘ .
j ield Trip. (5 hrs) d
R | roup/Lockstep r
|
I ructional Guidance
i ‘ ake studenis on. field trip to a sanitary landfill to watch the operation at
’ ‘ he fill and observe the equipment. Provide students with directions for
. ccomplishing criterion objectives, )
6. Sanitation in Sulid Waste Processing 1 olumn 1 Reference STS Reference
[ D(:/og'o a c, 13¢ _
: i i tructional Materials
activities related to the collection, trans- FM 91-11, Solid Waste Management
portation, and disposal of solid wastes, raining Méthods .
‘ - Discussion (0.5 hr)
EACON ‘Performance (0.5 hr)
%ﬂtmcuoml Environment,/Design
) room (0,5 hr) j
Laboratory (0.5 hr)
roup/Lockstep
‘ nstructional Guidance .
iEmphasize the importance of sanitation when operating a solid waste
‘ ldispoeal system. g ‘
7. Public Health and Nuisance Aspects 1 iColumn 1 Reference STS Reference
- (1/0) [Ta ' . 3¢, 13¢c
s | Day60 b \ 3¢, 13g
a, Using AFM 91-11, list the items that | (0,5/0) | ’
would be a health hazard or a npisance to per- . .
PLin 3F WETSLITIONNO.  3ABR56330. OATE 8 June 1975 I B0, VI ' :i'_ T ey T
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PLAN OF INSTRUCTION {Centinued . \\ "

al
T

UNITS OF INSTAUCTION ANO CRITERION OBJECTIVES ’ e / §.7FORY unem\\l.s Ano\\unoaﬁctz
. 2 3] .
4

b. Using information provided, list the ' (0370). Instructional Malerials ‘\?
a

d Nul}ance Aspects : . ‘

disposal activities which will be coordinated -1, Public Health
th and Nuisance Aspects ' -

| with base medical services. WB SABR56330-VII-7-P1, ‘Public He
' - IAFM 91-11, Solid Waste Management’

. . - T Methods p
: scussion (0. hr) .-
Performance (0.5 hr)

Inetructional Environment/Design X
Classroom (0.5 hr) 2t

- -|Laboratory-(0.5-hr)-- - - — .. ‘ . .
|Group/Lockstep - o o
Instructional Guidance -

! Emphasize precautions for handling materials that woul \pose ‘a health
hazard'to disposal personnel, Also, clarify\which disposal activities
, must be coordinated with base medical services. .

8. Forms and Reports ' 2 Column .1 Reference STS Referen%q’ .

Day 60 | structional Materials j
BGC SABRSSIN-VII-B, F

Given-the necessary information, . (2/0) ; ~VII-8, Forms and Reports
complefe AF Form 1452 in accordance with ¢ ~|WB SABR56330-VII-8-P1, Forms and Report
AFM 91-11, . AFM 91-11%80lid Waste Management :

- |Training Methods
- ﬁﬁcuuion 0.5 hr)\
. Performance (1:5 hx\'s)
;Instructional Environment/Design

h Classroom (0.5 hr) © -
_ . +  |Laboratory 11,5 hrs)
: s Grou /\Lockstep
‘ ’ ‘\\ “' / . L ‘
PLAN O} INSTRUCTION NC. 3ABR56330 CATE 6 June i9\75 I [ H et 2, 1l vn ‘. i l Paot lll}.‘—s-;"-"‘ T \ T N )
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PLAN OF INSTRUCTION (Continued) |

. - . . A Y . - .

UNITS OF INSTRUCTION AND CRITERION OBJECTIVES D&ROJ;?,N SUPPORT MATERIA_S anD 20 DaNCE
- 3 .o

- . S,

- K]

. |Instructional Guidance a7
- “|Emphasize the need fo maintain-accuri e:records of all solid waste
processing activities. .Emphasize thabthe information recorded in the
records is used as a basis to’ lAmla)itain and improve the operational

ns of the solid waste col&ectior'n and

!procedures and safety precautio

o ~ ldlsposal system.

-

"9, " Related Training (as shown in courge
chart) .

10.. Measuremeitt Test and Test Critique,

\)

']11. Course Critique and Graduation

- /

N3TEL ITION HE 3ABR56330 CATE 6 June 1975 uLO(:u NO
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_ LESSON PLAN ( Pari |, Gonersl)

APPROVAL OFFICE AND DAT
TQETC/I’IJun’?M

- INSTRUCTOR -

COURSE NUMBER

COUNSE TITLE

3ABR56330 Environmental Support Specialist
BLOCK NuMBER sLock iTLe Maintenance of Water and Waste
’ \"2 88 Pr i

LESSON TITLE

External Corrosion Control (Day 46)

Ct_'ssaoou/[nonronv

LESSON DURATION ™

COMPLEMENTARY TOTAL
2 Hrs 1 Hr 3 Hrs
< , POI'REFERENCE .
 PAGE NUMBER PAGE DATE ; PARAGRAPH
40 6 June 1975 . .
STS/CTS REFERENCE o
NUMBER DATE -
. 563X0 28 July 1971 -
. SUPERYISOR. APPROVAL '
SIGNATURE DATE SIGNATURE DATE
o
PRECLASS PREPARATION
EQUIPMENT LOCATED EQUIPMENT AIDS A
IN 5. ABORATORY FROM SUPPLY . CLASSIFIEO MATERIAL UN:L.A:::;I'I‘:!D'D‘::T::ML
None None ° None L&E} VI-1
, , B VI-1-P1
TF 5568
SAFB 58
; CRITERION OBJECTIVES AND TEACHING STEPS
la,

Following instructions, define corrosion, list factors for corrosion to oceur,
: hst types of corrosion, and methods of prevenuon. \ _

1)
(2)
(3)

1b. Given samples of metals, determine kinds of corrosion on the metals and
their prev‘entlon

Corrosion process

Types of corrosion

\nPrevention of eorrosion’

14

(1) Corrosmn products

(2) Protective coating
{(3) Isolation of dissimilar metals
ATC romu .770

AUG 72 -




.

BODY (110 Min)
PRESENTATION:.

tu, lFollowing written instructions, define
corrosion, list factors for corrosion )
ro occur, list types of corrosion, and : : -
methods of prevention, - '

LS

(1) Corrosion process.

s

metal as the result of an unfa.voro.ble

environment, ‘

3

\
i
|
|
l
(a.) Defined as the deterioration of ‘ | T

(b) Corrosion is caused basically
by flow of electrical energy . o
fram one point to the other,

>

. (c) A1l metals have electrical potential.-
voltage.

”

(@) Rate of corrosion will be in: \
relation to position on EMF "
series,

1 Metal with the higher
electromotive force releases ions
to the metal having the lower IMF,

2 The higher electromotive force,
the ‘gm}:er corrosion rate,




(e) Necessary elements for a
‘corrosion cell,

Cathode
Electrolyte .
Metal bond

Electrical ions carry small
particles of metal into the-
qlectrolyte.

/

These are dissolved and
exchanged for hydrogen ions.

The hydrogen forms a film .
on the cathode.

This is the basic’ principle
‘of galvanic- corrosion,

-

(2) Types of corrosion

(a) Galvanic corrosion

1 Most cosmon




| 2 May be used ffoi' protection o 2'2—
-of equipment, .

. ' : S
3 v

- ) . (b) Chemical attack . NG

VA 1 Cdmmon in water and sewage
plants due to large amounts
of -chemicals being handled,

2 Easily controlled

(c)' All other types of corrosion
4re related to one or the other
of these two in some manner,

~

PR

' (3) Prevention of corrosion

-

(a) Eliminate any one of the
elements necessary for corrosion
“to_occur for effective prevention,

(b) Designing against corr&iion_.\

\

1 Materials that are corrosion
resistant,

£ Establish conditions that
make it easier to combat
corrosion, .




1{:. Given uyiplqs of metals, determine
kinds of corrosion oo the metals \
and their prevention, 0

(1) Corrosion products

(2) Protective coating {_‘y{’-,

(3) Isolation of dissimilar metals .

APPLICATION: . .

Determine the.corrosion process, types of
‘corrosion, and given samples.of metal,
determine the types of corrosion, pretection
required and how to isolate the metal surface,
Complete SC 3ABR56330-VI~1

and WB ' 3ABR56330~VI-1~P1,

Id

EVAIUATION:

' Evaluate by oral or written questions and/or
observation' of student's perfomncg' quring
lesson. This may be accamplished at any time
during lesson for increased effectiveness,

CONCLUSION (5 Min)




k . ) . LESSON PLAN (. Pert 1, Goneral) >

APPROVAL OF FICE ANOD OSTE //  or INSTRUCTOR .. )

TCETC/17.1unt: '

COURSE NUMIER COURSE TiTLYX .

3ABR56330 Environmental Support Specialist
i 8LOCK NUMBER SLOCK TITLE m%c%mwmﬁ-ocessmg ,
i VI : _System Companents

LESSON TiTLE ~ ® ’ v i . -

Cathodic Protection (Day 46)

LESSON DURATION \

CL \SS51100M/L ABORATORY coanzuenrglv TovaL '
2 Hrs 1 Rr ‘ 3 Hrs ’
POl REFERENCE .
PAGE NUMBER - PAGE DATE PARAGRAPKH
49 6 June 1975 . -2
P STS/CTS REFERENCE
NUMBER . OATE
S563¥0 " . 28 July 1971
| . - SUPERVISOR APPROVAL ) ‘
L : SIGN/ TURE DATE SIGNATURE DATE
s
RPN
!
i
H , . PRECLASS PREPARATION ) '
——— - - - - =
: & JIPMENT LOCATY EO EQUIPMENT - GRAPNIC AIDS AND
: I ICRATORY FROM SUPPLY CLALSIFIED MATERIAL UNCLASSIFIRD MATERIAL

» Calhiodically
* Proiecrad Pipeline
¢ Multimeter

<
None None

’

SG VI-2
WB VI-2-P1
TF 6142

W ras i, e vesma,

CRITERION OBJECTIVES AND 1 EACHING STEPS

.

- - SR T e em st o et abm  r—_

;;'nnr.!i« 1ethnae, :
tj  Cathodie protection methods
.. i'l Eouipment protected .
' )f Uitk thy {ustaliation nrocedures for cathodic
VRIS wliong tn observe when working with cathodic

() Installation procedures

(2}

Electrical safety

-

e R

woentify methods of rathodie protection, list the equipment protected by

protection, and the safety
protection systems.

FORM
ATC AGNTT

770




BODY (110 Min)

PRESENTATION : Y
' ’ Cos . , i

2a. TIdentify methods of cathodic protection, ) { W
list the equipment protected by cathodic - . :
methods. .

(1) Cathodic protection methods

(a) Theory of cathodié¢ protection

1 There is a flow of electrical ' ‘
current between any two A ’
metals connected together in : i
the presence of an electrolyte

o

} ( . .
If this current is stopped )
or reversed, corrosion will™ .
not.occur

. In cathodic protection,
o the current is retarded
by passing an auxiliary
current thru the electrolyte
- to the structure to be
’ protected

i

Structure becomes the
cathode

R

(t) Sacrificial anode method




o

2

o

1

Achieved by plicing a
metal object with &

higher BMF in ‘the same
electrolyte with metal
to be_protected

Sacrificial anode will
then flow current to metal
that needs to be protacted

This will produce a hydrogen
film around metal to be
protected stopping all
corrosion on the metal
surfaces

’

This is most econamical .
method of protection but
not always the most effective -

(c) Impressed current method .

FRY)

[{#)

r

Achieved by the addition of
a directicurrent from an

external source to increase
amount of electrical current

flow from anode through electrolyte.

More expensive but more
efficient

Type used for protection
of inside of overhead -
storage tanks -

B




4 DC current is provided by
E‘gpin‘ 4C power source

A S R S S S O A DU o
* L}
’ . N -~ +
v . \\

\

"~ and using a step down
transformer and a rectifier

Equipment protected

(a) Overhead storage ‘tanks

(b) Ground storage ‘tanks

(¢) Pipelines

(d) Many others as long as they
- are in contact with an -
electrolyte and connected
' together electrically

List\the installation procedures for ‘
cathodgzg protection, and the safety
precautions to observe when working with
cathodic p;\‘otq'ction systems;

N .

(1) Installation procedures

(a) Sacrificial anode

‘ ' 1l Sacrificial anode must
be as deep as the metal
' being protected\

/
5 51

\

.
.




@

?

"~ 3 May be necessary to wet

2 Pipe-to-soil potential
"~ .must be lowered to at
least minus 0.8 volts

.

, -

areas to increase transfer,

+

(2) Electrical safety -

(a) Call electrician first

r *
- A}
~
N

(b) Turn off ac power’

.

(c) Tape all connections

/

~

(d) Check system with voltage

s '\‘

APPLICATION:

N ”

SVALLATION:

legson,

H

a

Complete WB 3ABRS6330-VI-2~P1,
Cathodic Protection,

FEvaluate by oral or written questions and/or
observation..of studént's performance during

This may be accomplished at any time
during lesson for increased‘effectiveness,

meter before starg;ng work .

*

23

.




| ]
' o

. ' CONCLUSTION (5 Min)

!

" SUMMARY: i -
| '

|
l
{
;
i

4 ¢

STUDY: ASSIGNMENT:

Read SC 3ABRS6330-VI=3 and answer|

quéstions in the back of the study
guide, o

9

-
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. LESSON PLAN ( Pent I, Genersl) : > ‘

APPROVAL OF FICK AND DATE 7 INSTRUCTOR e R
| TCETc/mun?M@A- 3 ?
> COURSE.TITLE ) -

" 4] CoumsE NuMBER

‘3ABR56330 - * |Environmental Support Speciahst : e
BLOCK "{';'I'“ K sLock TiTLe, Maintenance of Water and Waste Processing| -
LESSON YITIE ; :
Drive Equipment and Accessorxes (Days 4 and 47) . A

. LESSON DURATION ' ' i ¢
cL ’-SSHOUM/LAUDHATOI(Y COMPLENEN?AW o ;s . TOTAQ' )
8 Hrs 211 * 10 Hrs
. . R POI nessnsnct
PAGE NUMBER PAGE DATE = PARAGRAPH' ¢
41 | 6 June 1975 3 o )
- STS/CTS REFERENCE, ‘ '
NUMBER OATE a
563X0 A\ 28 July 1971 .

L ’ SUPERVISOR APPROVAL \ _ .

L T SIGNATURE . DATE . .\ SIGNATURE. DATE

I R B |

¢ 1

i . |

’.-'Mw.n.-‘ “8r sn ov Sme tmamvon vo
{ 1 C - ]

PRECLASS PREPARATION .

LEME: T LOCATED EQUIFMENTY . » . ;

N LAZCRATORY FROM SUPPLY | CbAssiFiED MATERIAL uu:LRAAs:r;lctsjzi;::AL
elesctric Mot None None : 1 SG VI-3.
Gasoline ! u-.,ngme “ WB VI-3-P1
Drive E(uipment . . 1 WB VI-3-P2°

: o AFM 85-13
]
i |
) J \
l e .
) , \.RITERION OBJECTIVES AND TEACHING STEPS

;o

. F ur»wnur wrxtten rinstructions, mSpect start, operate, and shut down
rwlmc c—ngme- -driven wdter pump and portable generator.
|

{1; mupeptlon and maintenance ;y/stem
' ’ A
{2; Malfunctions that can occuf '

{3, Minor maintenance and servicing *

(4, Safety precautions
(5. St:irt -
('(_3‘* Opeérate

‘('7} Shut down O
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, "LESSON PLAN (Part/l, Gonou!) CONTINUATION SHEET
CRITERION osjecnves AND TEACHING STEPS (Continuedi’ |
. 3b. Usmg AFM 85~ 13 as a guide, perform an inspecti of an electric motor N
and corwct minor. dlscrepancxes. S
N L
. ) ' (1) Inspection during operation ' }
" (2: spections after operation
« ) ‘ . . ‘
1 ) (3) Malfunctions.that can oceur \ ) . l
’ (4; Méiintenag‘nce performed by the operator B \ R
i \ .
. o : '3; Safsty precantions '\ : '
i CL ' a
1‘ WC, 1w -uy.n,, written insiructions, inspect equipment having be}zs, chains
: B vacilble opecd dmvea, ,oaptmgs' and shearpins, Report major; maintenance g
z to wagporsible orgenizations. 1 | ) ‘
- - . T \ \
i, ldentification of drive equipment ‘ \
. \
- P, \
S o Meas ferafice serfuormed by operator
. §
T (3} Muintenance verformed by other organizations '\
oS . . * . ’ | a =r A
5 £, Salety precauiions ; )
b ° |
. ; S e o e
:
\
\ | | ’
. : |
‘\ ! " |
P s |
f .
i . ’/ / ,
> ! ) k] / J;
. { ) ) / 4
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Course No: '3ABR56330 Branch Approval: Z ’ x
Days: 46 and 47 o Date: '
o PART II = : |
. INTRODUCTION (5 Min)

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT:

'
/

S

REVIEW:

/

/

ATTENTION:

n

S R / f

OVERVIEW: . h

—y——

MOTIVATION: !




BODY .(470 Min)
PRESENTATION: |

3a.- Following written instructions, N : : Ty
) inspect, start, operate, and ‘ |
' shut down gasoline engine- , o e
- driven water pump and portable : .
generator,

i v \
{

o (1) Inspection and maintenance
S system -
/S /
. (a) A well qualified
/ : operator can tell
quickly if something
is wrong with his
equipment

: 7

A

.Sound__. ‘ . S S S

y .
| \, : .
AN

Speed: ' N T

/(
1D
’

Temperature

\ 1
——
jco

(b) Daily inspections are -
. \\ normally made on one N
/ \ . piece of equipment at \

\ a time ' \




~_ Course No: 3ABR56330 Branch Approval: ZeZ a
~ -Days: 46 and 47 - Date: _ '
PARTE ' -

“INTRODUCTION (5 Min
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT:

REVIEW:

. ATTENTION:

OVERVIEW:

MOTIVATION:




BODY (470 Min)
PRESENTATION:

3a, Following written. instructions,
] inspect, start, operate, and
s shut down gasoline engine-
driven water pump and portable
generator.

AN

(1) Inspection and maintenance
system :

(a). A well qualified
operator can.tell- — *
~~~__quickly if something -
s ong with his

equipm t\

Speed

3 Temperature

(b) Daily inspections are
normally made on one
piece of equipment at
a time




Each machine has its
own distinct sound

-

May be necessary to -
check more than one

to determine where

noise is coming from

o

(2) Malunctions that can occur

(a) Failure to start
1 Dead battery

_2_ No fuel

3 Mechanical problems

\\\ )

(b) Overheating =

-
———

1 Low water in cooling
system




e

Low oil‘

+ 3 Broken or loose
belts

4 Leaks in cooling
systems
%5 (c) Unusual noises ®

1 Misaligned coupling

.2. Bad clutch

37

et

\
\-fx

(d) Internal problems

1 No oil

— 2 Bearings burned out




3 Burned valves
4 Cracked block

(3) ‘Preventive maintenance

(a) Inspections
(b) Servicing >

(c) Lubrication

(d) Cleaning
>

(¢) Minor maintenance




(4) Safety precautions

(a) Install guards pyer~

drive belts

Install guards over

) ‘drive lines

(c)

(@)

()

Do not fuel tanks while
operating engine

Provide ventilation

Do not touch hot
manifolds and exhaust

(f) -
‘fpa.rts

’ (g)'

pipes

Keep hands and feet
clear of all moving

Do not wear loose
clothing at any time

AN




LN

(5) Siart

(6) ~E)pera.te

(7). Shut down

APPLICATION:

Students will inspect, sta.rt,\ operate,
and shut down gasoline engme and
portable generator,

EVALUATION:

Evaluate by oral or written questions
and/or observation of student's
performance during lesson. This
may be-accomplished at any time

during-lesson‘for-increased- - SR
effectiveness, :

CONC LUSION. (Day 46)

SUMMARY:

q T e

————

STUDY ASSIGNMENT:




\»

2
. 4

INTRODUCTION (Day 47)
5 . - \ .
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT: \
REVIEW: | )
ATTENTION: : .
7 \\\
OVERVIEW: N
- \\
ﬁ, N o \‘ -
MOTIVATION: SN
PRESENTATION: | ’ \
3b. Using AFM 85-13 as a guide,
perform an inspection of an
electric motor and correct I
minor discrepancies, | - ’
~eocooe____(1) Inspection during operation
10
S 65




\ ,

v
A

v

\

4

e - - e g

e &

(a) Free from dirt or
" moisture .

i

{

!

° |
|

{

(B) Good air circulation
-
(¢) Béaring lea':king oil

-t : !

-

: ~

@) Luﬁricatio\n)

T e
\ \

¢,

¥ {b) Cleahing

|
1

(c) -Coupling

(2) Inspections after operation -.

|

|

|

i
o
©
cl

|

(a) Unusual noises '

(b) Sluggish operatioh

(?) Malfunctions that can occur .

cL

-
-




.

4
S

(d) Ovexjhe;.ti;ng

o
&
% Y

(4)" Maintenance performed by

operator
: (a) Lubricdte as | ‘
g " and cle,an\ J
\l-\ . ‘/ /
\ (b) Minor adjustments , //
\\ > ) j J‘,
/' N
(5) ‘Sa}ety precautions ) / L
/ BN

Ea) Power off before
, maintenance : |

»,
A
¢ -

" _(b) Tagpower supply
» J -

3

-
-

(c) Secure breaker

< .
f C
- .
.
v . . “
.
.
et e e v K . . o
.
. "\l:
. . 12 4
.




' Following written instructions, -
inspect equipment having belts,
chains, and variable speed ~
drives; couplings; and shearpins.
Report major mdintenance to
responsible organizations. . :

- (1), Identification of drive
equipment .

(a) Belts

/‘/"’
-
1/’
.7 .

N\,

AN
1 Vnotch

%

\

-g Flat

3 Rubber fiber

4 Single/ multiple set \
. Chains

1 Metal links




2 Slow/ medium/high
speed

3 Sproékets
(c) Variable speed drives

1 Adjust speed during
operation

et 2 Enclosed housing -

(d) Couplings

” ‘ 1 Connect coupling
7 to load ?

oo

Metal -

(e) Shear pins

\

1 Prevent damage from
overloads

14 67

~

AN

EZa

.
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N




e
P
et }
~

—

2. Condition of bushing

A 3 Replace when worn | i /

0
)

1 -Check cause of breakage |

2 Grease surface L . /

Keep adequate supply
of pins' on hand

N |w

4 Make sure pins are -
' right size

(3) Maintenance performed by
other organizations

(a) éase CE shops

\

\' . 1 Metal shop

2 Electric shop




(RN

(b) Field maintenance

1 Metal shop
2 Corrosion shop
’(4) Safety precautions

(a) Do not operate unsafe
equipment

{

(b) Do not ovér lubricate.

() Mark lubrication ' \
‘ conta,irgers . A

(d) Be careful of loose —_—
clothing ‘

APPLICATION:

Complete WB 3ABR56330-VI-3-P1,
Drive Equipment and Accessories

Using AFM 85-13 id following
instructions, the students will inspect - .
‘and correct minor discrepancies on: ] ‘ i




.

a,- Electric motors

° ¢, Chains \ f

d, Variable speed drives

o

e, Couplings ’ : ) |
f.. Shear pins

EVALUATION:

Evaluate by oral wntten questions and/

or observation of student's performance
during lesson. This may be accomplished

at any time during lesson for increased -
effectiveness,

CONCLUSION (5 Min)




° ™
)
REMOTIVATION:
- /"‘4-
STUDY ASSIGNMENT:
Read SG 3ABR56330-VI-4 and )
answer questions in the back of the - . .
study guide. ¥
)
[% ’73 .

20




LESSON PLAN ( Part |, Genersl)

APPROVAL OFFICE AND T INSTRUCTOR
TCET cﬂmmmm ..
COURSE NUMBER ) COURSE TITLE . . .
3ABR56330 ' Environmental Support Speciali

BLOGK NUMBER BLOCK TITLE er an Ar ce

) cé 0
VI System Components

LESSON TITLE

Pipelines, Valves, Meters, and Recorders (Day 48)

LESSON DURATION

CLASSROOM/LABSORATORY COMPLEMENTARY TOTAL

6 Hrs 2 Hrs 8 Hrs

] POl REFERENCE

PAGE NUMBER PAGE DATE PARAGRAPH

—42 6 June 1975 -

STS/CTS REFERENCE
NUMBER DATE
563X0 28 July 1971
SUPERVISOR APPROVAL
SIGNATURE DATE SIGNATURE DATE

PRECLASS PREPARATION

EQUIPMENT LOCATED

EQUIPMENT

CLASSIFIED MATERIAL

GRAPHIC AIDS AND

IN LABORATQRY FROM SUPPLY UNCLASSIFIED MATERIAL
Recorder . None None SG VI-4
Gate Valve WB VI-4-P1
Globe Valve
Water Meter

Pipeline Trainer

CRITERION OBJECTIVES AND TEACHING STEPS

4a. Using the pipeline trainer and following written instructions, stop a water
1 leak by installing a compression coupling and calculate the chemicals required,
‘within + 1 ounce, to sterilize the repaired extension. :

(1) Method and equipment to make temporary repairs
(2)  Chemicals and method of sterilizing a pipeline extension

4b. Using related information, identify proceduresfor locating buried pipelines, :
valves, and underground water leaks;

(1) List the procedures used to locate buried pipelines and valves

(2)  List the methods and instruments used in locating water leaks in buried
pipelines

ATC FOmM 790

AUG 72

T2 €POL 1972 779-306/23
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LESSON PLAN (Part I, Gonersl) CONTINUATION SHEET T
CRITERION OBJECTIVES AND T!ACN‘NG ST!PS(C.-M»M S "
4c. Using related information, 1dentify procedures for thawing frozen pipelines. ‘
" (1) Fire |
(2) Steam
" (3) Direct current (arc welder) i
\ (4) Safety precautions
4d. Following written instructions, list the methods and procedures for preven-
tion of back siphonage.
f -
O (1) Definition of back siphonage
s (2) Causes of back siphonage
;* (3) Danger of back siphonage
- (4) Techniques and equipment used to prevent back siphonage
4e¢, Following written fnstructions, disassemble, repack, and assemble a gate .
“valva, . . v
(1) Types and purpuse of vaives
. (2) Mainténance required on valves -
; 4, Followmg written instructions, inspect flowmeters, change recorder charts, _
and read water meters within + 1 umt h ‘
; b
(1) Types of meters and dials / _____
(2) Reading procedu/rg_s/,,/ / . - A
& . / .- ) . - "
R . ’Servmmg recorders {
I”'-/f ~
.- r (4) Inspect flowmeters
L A
L -
1 ATC ‘Zoc':a TI0A . ) “ 2 ? 5 |

Q

» A .
\




Course No:
Day 48

-

REVIEW:

ATTENTION:

OVERVIENW:

MOTIVATION:

3ABR56330

PART IT .

INTRODUCTION (5 Min)

CHECK PREVIOUS DAY'S STUDY ASSIQMENT




BODY (350 Min)
PRESENTATION :.”

4a, Using the pipeline trainer and following
written instructions, stop a water leak
by installing a compression coupling and
calculate the chemicals required, within
+ 1 ounce, to steriliz.e the repaired extension.

s

(1) Method and equipment to make
temporary repairs -

©

(a) Plugs whittled out to i'it holes -

(b) Iron cement x;hced in and over holes
(c) Saddle clamps
(d) Caflpression couplings

"(2) Chemicals and method of ster:.l:.zmg a
. pipeline extension

' (a) Precautions for handhng chlorine
) solutions ;

»

(b) Repaired pipeline sections are
blocked off and strong chlorine
solutions injected in repaired

sectzon

-z




(c) A chlorine residual of 50 PPM after
a 24-hour contact period is required

(d) After 24 hours, the pipeline is
flushed with potable water until
chloxtglne residual is normal

4b, Using related“infomﬁtion, identify procedures
for locating buried pipelines, valves, and
underground water leaks, )

////
(1) List the procedures-used to locate buried

/,/‘p,ipel-ines"’ﬁﬂlns

!

-~

(a) Geophones (stethoscope)

(b) Probe rad

I V'(c) Noise amplifier and ear pliones

(@) Metal detectors .

v

LY

(2) List the methods and instruments used
in locating water leaks in buried pipelines

(a) Wet areas indicate a leak below




(b) —Obtain-a map of the ared ‘that shows
water pipe location ' : . ‘
N, ) ) ~ . ‘ . ¢ . . '
- A ? .
(c) List;n for h:l.aa:mg sound of escap
. .;,‘ ‘-. “ter /y
. ’ - 3
. C ,
(d) Check nearby manhole for clear
. \ water ﬂw :
) " e ) N
(e) Sound detection instruments .
4c. Using related inforation, ideatify procedures
'for" thawing frozen .pipelinea
(1) Fire .
. (2) Stem . " * ) .
‘ (3) Direct current (arc welder)
(4) Safety precautions ) ‘ )

. s - v —
[ . -

(a) Use safe procedures-when thawing
. frozen-pipelines

s e i =




(b) Have electrician'on hand when using

arc welder J

, (2) Wk._s‘iplxmge <.

—— {a) Improper plumbing design -
(b)\ Changes in later hook-ups

(c) Carelessness of users .

\

|

7 (3) Dangeré\ of back siphonage
. ) ] \ v
o Danger of back siphonage is dependent
, .- on the ahount of pollution or type of
' pollutiom pulled into the system «

\
(4) Techhiques and equipment used to prevent
back 31phomge . {

+
i




P ' Prevention: Back siphonage canbe ]
prevented by installing a device in ' /

; the water line. that will stop any ba,ck- /, <o . w
ward flow, This may be a ‘check valve o / ¥
or some companies build a backflow. '/ C [ \

’ preventer. A back flow preventer senses /
’ . a drop in pressure and vents the backflow |
to the atmosphere’ P
. : .
. . ' R ./
1 i ; " ¢ ’ * N ] / |
de. Following written instructions, disassemble,” | ... -
repack, and ‘assemble a g?te valve - : :

A

(1) Types and purpose of| valves ’ - )
o “ | 4 . v

Y

(a)- Purpose: A dev;ce that stops the
" flow or allovsanmmttoﬂov

l "~ through a system

2

P ——

(b) GCate valve \

t; 4

|
b 1 Most camon : " J
|

| - 2 Fully open or closed
~ l( ; ., ' . |
. .3 Least expensive \ ' i ~

(c) Globe valve | ) : T

1 Zero flow to wide open




- 2 Withstands erosion ' | . o
, . ' . . ‘.‘ . ' ' ‘ :.‘ ) ) N
(d‘) Check// valve . ) ) 5 . - N R 3
| | o AR
1 No handle
A ‘ °
2 Has flapper o . -
/ | ’ -~ - . M

3 Prevents backflow

- (2) Maintenance required on valves

(a) Valves will ev.‘entm.lly need maintenance »
to stay in working order . : .

|
1
i

\ -~
' AN

(1?) The wearing parts y o

/ . ' ~ : ,
1 Packing . . *
° .
1
2 Stem . -
3 Seat
- T )
. ,J‘,&-“ ) <
9 i .
4 - )
/ ! ;) .
- Y
N P ‘
. ' 8 . .




Following written inatmcuons, inspect
flowmeters, change recorder charts, and
read water meters w:.thin + 1 unit,

4,

(1) Types of meters and dials

(a) Purpose-regisﬁer the amount of
water that ha; flowed thr a

pipeline

(b) Types of meters

1 Positive displacement

2 Turbine or velocity'

3 Compound meters

(2) Read'ing pt;ocedures

(a) Some meters have a direct rcadin; dial
and are read fron left to right

’ (b) ‘Some are equipped with several mlhlﬁ
‘ dials around 'the register. These dials
register in multiples of ten _

©

10

—

e

‘\-«"




(3) Servicing recorders

;
(a) Water-meters are fl.irly\accuute ‘

measuring devices
./ ‘
/

S
(b) ’ Common meter failures are swollem -
disc, scale clogged \chnbers, or |
) worn measuring chamber and disc :
| ' |
- | |
(c) Scale;ndmtuybe\r&cwdby |
©  a 5% /solutiom of hydrochloric o
a.cid \ ) I !

‘f . o "
/ o |
@) / Organic matter may be raoved by * f \
defergents or solmts j
. / \

// , - /', ,\5 .
| ) \

4

(e) Meters may be /éhecked for accuracy ' ]
by placing the meter in series with ; \
‘ aknownaccunteuterorbyflowin‘
a measured volime of water through 9 .
, the meter \
,’, . \ “ \
' ' t

!

|

i ’ . !
' (L’)/ Recorders are used with meters and
, / mst ‘be maintained

\'- 1'/ lhzrpouofncordersistoproﬁdz |
i , a persanént record of flow /
‘ /  over a period of time |

A
\
. .
i |

-

|

2 Daily servicing of recorders

11 -




¥ - E - N
-~
. N .
M an
x - .
-
Ny

“a chmgingdxechart

.\.J

b Align chart with correct time

¢ Check ink supply in ink pen

3 Periodic maintemance of rqé;;ders

a2 Check pen travel
; b Check calibration

¢ Clean all parts

[+ Lubricate all moving parts

(4) Inspect flowmeters

APPLICATION: ’ ‘o

Using the pipeline trainer and following written
instructions, stop a water leak by installing a
compression coupling and calculate the chemicals
required to sterilize the repaired extensiom, :

— ”

1

Disassemble, repack, and assemble a gate valve,




a. Using the WB, have the students complete
the section on valves

°

b, Kaution the student not to use pliers to hold
soft brass stem of the valve

Read water meters and record results

" Inspect 2 flowmeter

EVALUATION::

Evaluate by oral or written questions and/or
observation of student's performance during
lesson. This may be accamplished at any time
during lesson for increased effectiveness.

‘ ’ CONCIUSION (5 Min) -

o

13

0
CG
c3

b2




STUDY ASSTGNMENT: ,

Read SG ABRS6330-VI-5 and answer questions .
at the end . . . .

y
.
1
J—
L3
«
!
/
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. LESSON PLAN ( Part |, Gonerel)

APPROVAL OFFICKE ARD DATE INSTRUCTOR

TCETC/113un?5/747, o
COURSE NUMBER COURSE riTLE

3ABR56330 Environmental Support Specialist

’-"-°°"‘ "“;_“I'“ , SLock TiTLE g,ai‘nteﬂce.of Water and Waste Processing

LESSON TITLE .

Chemical Feeders (Day 49)

LESSON DURATION

CLANSHOOMI L ANORATORY . COMPLEMENTARY . TOTAL .
’ . 6 Hrs 2 Hrs 8 Hrs I
I . ROl REFERENCE e
J PAGE NUMBER PAGE DATE § : _—|-PARAGRAPH
44 . 6 June 1975-— : 5
. - By STS/CTS REFERENCE .
NUMBER j TN DATE
_.H563X0 - : 28 July 1971
- ’ . ? SUPERVISOR APPROVAL
SIGNATURE - DATE ——] SIGNATURE DATE
i — ‘

PRECLASS PREPARATION = -

EQUIPMENT LOCATED -EQUIPMENT GRAPHIC AIDS AND
N \. ABORAT ORY . FROM SUPPLY CLASSIFIED MATERIAL UNCLASSIFIED MATERIAL
Hypochlorinator, |None None | SG VI-5
Pump. and Motor ‘ WB VI-5-P1
Fluoridator ) . .

CRITERION OBJECTIVESTAND TEACHING STEPS
5a. Following written instructions, disassemble and reassemble a hypochlorinator}

R

L . T TV

(1: Type of chemical feeders

{2) Selection of proper tools -

N emmlmmesima e wa

(33 Disasgembly and assembly procedures
! ‘ a . ’
; (4) Techniques in repairing a hypoghlorinator//"//
(57 Identify worn or damaged parts—

___{6;—Safety precautions
/r-"" el © *

AUG 72

ATC TFoR¥ 939 0 .




"LESSON PLAN (Pert |, General) CONTINUATION SHEET ' ,!
" CRITERION OBJECTIVES AND TEACHING STEPS {Continued) l
5b. Following written instructions, disassemble and reassemble a fluoridator. N
(1) Disassembly and assembly procedures // —
X . ' o .
- 2) Techniques in repairing a fluoridator— ‘
[ . @ q pairing a fluoridat \
.’—-‘f‘"'// < \\ ) 1
: ! *__{3)—Identily worn.or damaged parts - N
et o ‘. ’ ‘\\ <
(4) Safety precautions "L
1 o —
3 i ¢ B ,MM’— -
[3 _ /—/‘:ﬂ—
” T |
4 é .\\
— : B - \\\
; s \
Z; ¢ N
: AN
. \
! | s \
i 1
! M
J y
i .
3! »
E ’ :
i \\
{ R .
§ +4 R £l
% < .,
.i ‘M_,-«—”""'/’,M I}
. .
! . J..
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Course No:. 3ABR56330 Branch Approval:
Day 49 . Date:

__’,_,_/w"//
| PARTII |
.“" .,) INTRODUCTION ,(5 itn)
HeeK TVIOUS DAY'!'S STUDY ASSIGN v . - ;’“ o )
_.«-—"o/" PSSl et e ‘
o
| .

OVERVIEW:

N |




T BODY (350 Min) _ R
PRESENTATION: B - ' - ) )

e

! Sa. Following written instructions, disassemble ’

and reassemble a hypochlorinator s
a . . u
(1) Types of chemical feeders . ) o
R A [ PR -
. . :
d »
(a) Solids, solutions, and. gases .
- R
\\\ © '
(b) Positive displacement or turbine
*) —
(¢) Mamual, semi-automatic, or fully
automatic . . .
Ed ‘ i -
. . ! - b
. , . C)
. (2) Selection of proper tools . v
(a) No pipe wrenches SR ’ ' .
: Y . (b) Proper sized screw drivers
(3) Disassembly and asseubly procedures )
(a) Disconnect power -

13

FIAN

- _ (b) * Disconnect all solution lines i




(4)

.(8)

. (6)

-~

) (é’) Disassembly

(d) Assembly.’ -

¢

Techniques. in repairing a hypochlorinator
(a) Check proper operation .
(b) Clean feeder weekly

" (¢) Overhsul feeder annually . ' .

Identify worn or damaged parts 8

o

(a) l;uphmgn, belt, worm gear,,
check valve '

* €

. (b) Replace worn or damaged parts

¢
»

+

Safety p_reca.utions

(&) Purge foeder of ;il chemicals
before starting any maintenance

‘ (b) Ha.nd tightefx dl plastic parts

=

s .o
9

-




. * ‘ / ~ '
5b. Following written instructions, disassemble
and reassemble a fluoridator.

(1) Disdsse_mbl{and assembly procedures

s /

(a) ,Disassembly

(b) Asgsembly .
’

(2) Techniques in repairing a fluoridator

LB
.

. -~ (3) Identify worn' or damaged parts

) .

T (4) Safety precautions

3

(a) Solution used in fluoridator is acid

X
IS i

oy

) (b) Flush compietgly : .

- '. a
(¢) Wipe ﬁ’p spillages

.

_ AF}’LICATION i . !

Complete WB waasssso-vx-sih, Chuicd\ Feeder
Ma.intemnce ¢




‘_: I - o~ ‘\ -

T oA\ S T I ’.fU ui
) J .‘a.._'_ ..._ Te. o, . { -
[ - b A

Using equipment and tools provided and féllmné T .
instructions, students, work in a group. to diusunblez . S

ard reassemble the S ; Do L ,
/ . /. ‘ ‘ ‘
\/ ‘ ya - S . o
7 . &. Hypochlorinator _ A i . ‘
/ S S | - .
: b, Fluoridator ' | { I ‘, ) ) :
/ . k - ¢ ‘ .\
a.. | '
H - \
EVAIUATION: ,
- [V
- . \ = . f
Evaluate by oral or written questions, and/or / /
observation of studeni's performance duri.ng lesson,
This may be accomplished at any time during lesson \ _
for increased effectiveness, . . N

H . & - - —
7 '

° . t /) ‘ - ‘ /

CONCLUSION (5Min) - - — . A

. ) , | o ‘ o “ /..
- SUMMARY : , , ¢ T — o
[ “ ’ /,'
-
A o 7
REMOTIVATION: - T ‘ , /’
- - . - .
- / 5 » .
o &
4 - . I
? =
! R o
STUDY ASSIGNMENT:, © _ _
Read SG %BR56330-VI-6 and answer’;:hkeq questions . o
in bcck of the study guide. .
! 4. n . o LS .3
« e ‘ 7 '
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4 3ABR56330 - ‘
SLOCK NUMBER , stocx e Maintenance of Water and Waste Processing
: VI . System Components
4. LESSON TITLE ' -
‘ ‘ LESSON DURATION 2
CLASSHOOM/L AKORATORY- . courungnunv T voraL by
_ ~ 6 Hrs ‘ ", 2 Hrs 8 Hrs
- ' PO! 2EFERENCE }
PAGE'NUMBER: PAGE.DATE PARAGRAPH
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A I

. PRECLASS PREPARATION

¢ . -€QUIPMENT LocATED ‘EQUIPMENT > . A A
IN,LABORATORY ' FlOH'SI:J“PPLY CLAssIFIED MATERIAY uuc:cl.nu::‘rﬁstzifé‘:m
. .}-Sewage Trainer None i [None . SG VI-6;
. ’ ‘ N i ’ N WB VI-6-P1
- , ; - - - o | AFM 85-14
" - /' ) N
- : ! TR~
i ) -
{ - <

CRITERION OIJECTIVES AND TEACHING STEPS

6a. Usmg AFM 85-14 and following written instructions, list the mzunéenance
requn‘ed for grit chambers, sﬂredde(s bar screens, and sedimentation tanks,

(1) Inspection requlrements

(2) Use of AFM 85-14 | _ N

6b. .Following writfen‘ instructions, determme the items of mspection and )
maintenance required for a sewage lﬁt station, : '

(1) Pump maintenance : o

L an dENY
‘
-

' (2) Alternator adjustmen » 3 a
B . /o

\ M " . }
ATC oM 770 . \ : e




/ LESSON PLAN (Part |, Gesoral) CONTINUATION SHEET

/

VLT T e « A o - , 0 - . N /
] NN . ~ .
+ A . N L LAY . .
- . v . ) N N N - f ” N -
. 0 " y
. .. )
.

/ CRITERION OBJECTIVES AND TEACHING STEPS {Continued)

6c. Using’ AFM 85:14 and following written 1nstiructi¢hs, list the mainténance
required for digester, trickling filters, separators, and processing equipment.

/ . .
( 1/) Inspection requirements
~ (2) Maintenance adjustments

T6d. Using base sewage plant (or sewage trainer during bad weather), inspect
sewage lift stations, grit chambers, shredders, bar screens, sedimentation tanks,"
digesters, trickling filters and processing equipment for required maintenance usjng
class notes.as a guide, -+ - = T - ( . :

IN < & -

,\ * (1) Inspection of sewage lift station, grit chamber, shredder, bar screen, ,
/Sedin_:entat‘ion ta\nk, digester, trickling filter, Eaind.prx)t:.essi-ng-equipment*-dur.’tng~
field trip, -

» R i
'

3

- m——

(2) Deficiencies detected and required corrective maintenance actions

“u
, i N . N ¢ - ,
A S ’ .o ?
.Jc

]
t ,l“
B

P
. N
—_— o
@ . g
S -
- [ -
I Y
— Iy . '
4 te - «
t Y
o % -3
_ o
. . ,
® > » —
7 -
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Course No: 3ABR56330 *Branch Approval:
Day: 50 ) Date: ] 235

PART II
INTRODUCTION (10 Min) ' ]
CHECK PREVIOUS DAY'S ASSIGNMENT:

REVIEW:

ATTENTION:
RN
OVERVIEW: B )
\ MOTIVATION:
\\
4
‘.‘ P
\-\

3
£




~

” - " BODY (340 Min)

PRESENTATION: °

.6a. Using AFM 85-14 and following written

instructions, list the maintenance required
for grit chambers, shredders ,Qbar screens,
and sedimentation tanks.

°© ’ }

(1) Inspection requirements
(a) Orit chambers
h 1 Lubricate and service reducers

Lubricate shaft bearing

o

3 OCrease drive chains

-

1~

Service chain and sprockets

4

oy

Inspect lower bearing of grit
washer

(b) Shredders and bar screens .

1 Daily inspe‘ctions

2 Lubrication of bearings

v
.,
ey




o

Inspection of‘—éutting edges

lw

3

2

Sand and grit will dull
cutter_.'s

i
&

©

3
L

e 3

Replace with new or resharpened
cutters

o’

Cleaning prmﬁms

>

a Clean shredders of grit weekly -

. b Clean bar screens each shift

)(c) Sedimentation tanks

1 Inspection and maintenance of
chains and sprockets v

4 Check for wearing and cracks ‘ ' '

[

Turn chains once to proldng
- o life of chains

o

-

Sprockets have to be replaced




i

Repdir of scrapers
a Replace wooden flights
b Weld new scraper to old

3 Cleaning and lubrication

~

o

No lubrication for equipment
under water :

b Chains receive grease from
. sewage
¢ .

¢ Anmually pump out tank for ’ ‘)
inspection - .
L4

d Daily hosing pi‘events odors .

« £

‘ (2) Use of AFM 85-14

(a) Reading and understanding of
maintenance frequencies ‘ ‘ }

4

(b) Guide for perfom:ﬁng’mintemnce
F]

‘\-.-




6b., Following written instructions, determine
the items of inspection and maintenance
required for a sewage lift station. .

(1) Pump maintenance o . . \ @

(&) Check for rags clogging pumps T .

- 7
«

(b) Adjusting packing gland

-~

(2) Alternator-adjustments

. (a) Operated w.\.tE 2 pumps

(b) - High and Low flow T ~

‘(¢) Alternate pumps weekly

-

6c. Using AFM 85-14 and following written pe
instructions, list the maintenance
réquired for digester, trickling filters,
separators, and processing equipment, /

. (1) Inspection requirements .

<@

(a) Digesters 1 7

2 +




P . . ’
- " »
Ly - ‘
x » ‘

1 Inspect digester outside walls .
for cracks and chalking

. 3
. . . . P
2 External pipes and fittings - : ) .o

(b) Trickling filters

Ay : -

1 Distribution system o

LY ' .
a Flush-amms '

b Adgust_ guy rods
¢ Clean jets

O 2 Cleaning filter medisa

’ ' a Flooding , .

(c) Separators . \

1' Aerate grease




2" Industrial waste .

- Sy
o

(d) Processing equipment

[

Purpose -

Use

()

&

(2) Maintenance adjustments
st . : -

(a) Digesters

* 4

1 Check digester cover for leaks )
' §

2 Seasonal conditions

* (c) Separators

.

> - 4

]l Adjust air compressors

&

-

Check oil level in air compressor

o

-
4
:
4

3 Check and service air campressor
intake filter screen as necessary, - . )

»




0(d) Processing equipment o-

o

ln

(o2}

1~

g
Check processing equipment such
as drying beds, waste gas
burners, and_boiiers

Flush sludge lines on .,
sedimentation tanks

<

.

Drain drip trap to waste .gas
burners every 24 hours .

-~

[

Check and adjust pressure relief
assembly ©b

"
-

Maintain and adjust flame
;grester and flame trap

Sludge withdrawal-in sedimentation
tank

Sludge withdrawal to drying
beds




. 6d. Using base sewage plant (or sewage
' _trainer during bad weather), inspect ‘.
Sewage lift station, grit chambers,
shredder, bar screens, sedimentation tanks,
digesters, trickling filters, and processing

equipment for required maintenance using class

notes as a. guide,

(1) Inspection of sewage lift station, grit

chamber, shredder, bar screen, sedimentatichn

. tank, digester, trickling filter, and .
- processing equipment during field trip.

€

(2) Deficiencies detected and Tequired
corrective maintenance actions, -

Sy
¥

APPLICATION:

1. List the required inspection and maintenance
for the sewage lift station, grit chamber,
‘shredder, bar screen, sedimentation tank,
trickling filter, separator, and processing.
equipment, .

3, Observe the deficiencies and determine “the
corrective actions on field trip to base
sewage plant, ’

I\

EVALUATION:

Evaluate by oral or written questions, and/or
observation of student's performance during
lesson, This may be accomplished at any -time
during lesson for increased effectiveness,

r/ ’




( (: ) ‘ N . oo~ » ' ¢ ,-a
. : ' © " CONCLUSION (10 Min) -
) ’ \ . » . , — -
SUMMARY: ° ‘
- ) ’ ?
L4 -Q .
REMOTIVATION:
- " ’
% .’:
-
- ‘ .
. L] & ¢
STUDY ASSIGNMENT: |, :
3 \ M .
S Read and answer questions in study guide 3ABR56330-
VI-7, and workbook 3ABR56330-7-~P1, Pump Maintenance. ’
S > :
— . . ‘ .
‘\\\ 1 . .
. -
. . o /‘
, / AY
. ﬁ lug .
12 J
}i - \ v . &
: . ) \
i' . M T \ ' 2 )
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i ! !
!___' CRITERION OBJECTIVES AND TEACHING STEPS
. 7a, Given conditions of a defective centrifugalqpump and a troubleshooting guide,
» determiné and list the required maintenance for the pump. |,
‘ {+ Purposes and types of pumps, . - : : s
5 . ‘ / :
: (¢- Operating principles of centrifugal pumps /~ A .-
. / ‘
(3, Identify major parts of a centrifugal pump / -
’ ‘l ' - N . ;' '
(4, Inspection and maintenance requirements A .
3 . ’ / . &
.) ~_ . - @ ’ ' “ \\\;\ ' ( “
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. LESSON PLAN (Pert |, General) CONTINUATION SHEET - '
" " ° CRITERION OBJECTIVES AND TEACHING STEPS (Centinued)
7b. Following written instructions, disassemble a centrifugal pump, inspect and
replace defective parts, “eassemble and connect pump to a drive, assembly, and
ad]ust leakage from 3 to 6- dnu)s per minute during operatmrfil check )
- ’ (1) Selection of proper tools - .
. ) (2) Pump disassembly \ ’
" (3) Pump assemnibly
- (4) Connection of pump-to drive unit
{5) Operational procedures =~ ..
- § ,
E . . W 8
o
A
g . ‘
! . : y
i . .
- ' N\ Q
/\‘ ‘ [y
‘x ~ -
- - - - . . N " ‘
. < -
" \ * .
© A ) = H . 1 " .
» ~ -
. . ,
A} ) )
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. Course No: 3ABR50330 Branch Approval:
Days: 51, 52, & 53 . Dute:
“ PART 1T
- INTRODUCTION (10 ¥in)

. CHECK PREVIOUS DAY'S STUDY ASSIGNMENT

/
REVIEW:
&
\‘ ~
\\ ‘1
_ ATTENTION: o
A




BODY (940 Min)
PRFS M TATION
7a., - Given conditions of a defective cent}ifugal‘

pump and a troubleshocting guide, determine
ard list the required maintenance for the pump.

(1) Purposes and types of pumps

(a)

(b)

~

Purposes of pumps .

Types of pumps

1

Centrifugal

[

Axial flow

Mixed flow

| [#8)

~ .

J.

"~

Turbine

=

e

Ejector well

i

1o

Adr 1ift

Reéiprocating well

I~

e




leo

Rotary

L3
-

- v
°

Piston.

\o

*ow

(2) Operating principles of centrifugal pumps

(3) Identify major parts of centrifugal pump

(a) Pump body
(b) Pump shaft
(¢c) Impeller ' : - _— y

(d) Packing gland

I

(e)__Packing and lantern ring

[}
:\j N . s -

(f) Suction and discharge nozzle

4

(4) Inspection_and maintenance requirements

APPLICATION: Given conditions of a defective

centrifugal pump and HO 3ABR56330-VI~-7-H1,

Troubleshooting Guide, have studemts to determine ]
and list thé required maintenance for the pump, o




|

. |
Have student to complete WB 3ABR5G330-VI-7-P1, .

- --— Jdentification of Pumps and Parts. i 7 o - _ {

EVALUATICN

Bvaluate hy oral or written questions, and/or
observation of student's performance during lesson,
This may be accomplished at any time during lesson
for increased effectiveness.

] . ,CONCLUSION (Day 51)

-
LY

SMMARY:

STUDY ASSIGNMENT: Answer questions in back of
SG 3ABR56330-VI-7 ‘ , .

#

INTRODUCTION_DAY. 52

CHECK PREVIOUS DAY'S STUDY ASSIGNMENT -

REVIEW:

- °




MOTIVATION:

PRESENTATION:

7b, “Follewing written instructions, disassemble
a centrifigal pump, inspect and replace defective
parts, reassemble and connect pump to a drive
assembly, and adjust leakage from 3 to 6 drops per
minute during operational check. : ) ¢

(1) Selection of proper tools

—— = (2) Puip disassembly e -

(a) Bolt removal

(b) Pump sepirating

(c) Impeller removal . 7

L4




L (@)
(e)

()

(a)

"(c)

()

| (3) Pump assembly

()

Shaft rcmoval T

Packinr removal

Bearing removal

<

Inst:;ll shaft and lantern ring

Install impeller

)

Install top-casing

Selection and cutting of packing

i .
71 Explain selection of packing

*

2 Explain how to cut packing to
fit shaft size

b

3 Install packing, replace sume masber
of packing rings behind lantern ring

as were taken out

4 Replace packing gland

114




(4) Counection of pump to drive unit

. o . . & ’ ) . . ) : ' N
.‘» R ) ] ‘bq |

/

(a) Alignment
(b) Secure pump to foundation )
“(c) Comnect piping

B \\‘v\ o ’ PP \\ .

(5) Operational procedures T o L,
_\‘\\'\\\ %

(a) Activate power supply : . h ’\“\\\\

(b) Check for vibrations

(c) Check for overheating , , ,

o

(d) Check water discharge

(e) Adjust packing. gland to allow a leak
of 3 to 6 drops per minute from packing
gland




| APPLICATION: : -

[

Following wricten isstructions, have students.
disassemble a centrifugal pump, inspect and replace
defective parts, reassemble and connect pump to

drive assembly and adjust leakage from 3 to 6 .drops

per minute during operational check. Use WB 3ABR56330-
. ¥VI-7-P2, L

EVALUATION :

o

- Evaluate by oral or written questions and/or
> observation of student's performance during lesson,
b _ This may be acco-phshed at any time during lesson
" for increased effectiveness,

! °

- \ CONCLUSION: DAY 52
, -

STUDY ASSIGNMENT: Read SG 3ABR56330-VI~-8




INTRODUCTION ‘(Day 53)

"CHECK PRZVIOUS DAY'S STUDY Assm‘MT' L

-

PUVIR . -
* )
&
3
¢
]
OVERVIEW: )
. ~
N ¥
(o]
T
MOTIVATION:
. - [
a3’ N




. * -
. - . . L -
A\ . -
. - .
- . - . '
* "
x

PRESENTATION (Continued) ' ‘ )

.o]lwm written instructions, have students R c j
disaz semibe @ ‘.cntmfugtl pump, inspect and replace
Jdered Lo parts. reassent le and connect pump to
dirive agsemhly, and adjust leakage from 3 to 6 drops
pér minute during operational check,

APPLICATION: (Continued)

Following written instructions, "have students

disassemble-a centrifugal pump, inspect and replace °

defective parts, reassemble and connect pump to

drive assembly and ddjust leakage from 3 to 6 drops

per minute during operational check., Use WB 3ABRS56330- i
Vi-7-P2. .

&

LVALUATION:

Zvaluate by oral or written questions, and/or

observation of student's perfermance during lesson,

This may be accomplished at any time during lesson .
for increased effectiveness. —

o

S

. ) : CONCLUSION (10 Min)

-

SUMMARY :

REMOTIVATION: = N ) -

STUDY ASSIGNMENT: NONE

13

-
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CRITERION OBJECTIVES AND TEACHING STEPS ¢
8a. Following written instructions, identify types of water wells and cons truction
features. ‘
“(1) Water formations , ‘
*(2) Types of wells.’ ' X
(3) Water well construction ' .

8b. Following written instructions, .list the methods and procedures for back-
washing a well, cleaning well screens, and prevention of freeze up of wells.

> " (1) Purpose of backwashing

_ (2) Techniques.used in backwashing -

K ] (3) Purpose of well screens N
(4) Types of well screens N\
5) Techniques used in cleaning well screens A
o 6) Methods of : t f .

Arc :3:‘;, .m0

11y ‘ A
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LESSON PLAN (Pert |, Gemersl) COATHNUATION SHEET -
" CRITERION OBJECTIVES AND.TEACHING STEPS (Coptinued - .
8c. Given operating data and following written instructions, calculate static level N
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‘ (2) Mathematical formulas relative to well productxon

(3) Causes of well contamination ' )

(4) Mathematical formulas for disinfection ‘ o
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~J Course No: 3ABR56330 Branéh Approval: J ' A
. Days 53 and 54 . "‘ Date:

' PART I

o
.

\ ‘ o m'rnonuc TION (5 Min)
S CHECK PREVIOUS DAY'S STUDY ASSIGNMENT “ s ' -

o m el L

REVIEW: T e L

_ ATTENTION:

* OVERVIEW: - L | '

‘MOTIVATION:




BODY-(350.Min) ., - - S

PRESENTATION AU ) L - S

" { 8a Followmg written mstrucuons, . _ ‘ ’ D
- identify types of water wells ' S "
°  and construction features. ‘ :

|+ ———(})—Water formations E

: (a) Starts from rain or o . .
snow- ) : ‘ o

- . £t

’ = , (b) Trapped in unpervmus - i
dayers. o T L

\ . ' v, /

L : (¢) Flows in aquifers of , / 4
‘ sand ar gravel S

° . ’ . V‘/‘( . .f' v \ . .
. (d), Top of underground .o : - D

S . - vater is called the . | .

' o ~ water table ‘

(2) Types of wells ° . ‘ B B . .

[




_ (d) Drilled
L Y

! ° ..

T
-

. L@
b

. (). Jetted

‘/

Toa

k]

@) " Artesian

-

Q
-
o .“
o, . ~‘

(3) . Water well construction

.
. - ~

] .

(a) Water wells are most .
often drilled by
contractors”

t
r

. .(b) Water wells may vary o
’ in depth .~ .

rd

H

A




(c) Water well casings
extend from above

‘of-the water bearing
formation ‘

(ci) Ca‘giné prevents .
’ gurface contamination
" and well from caving -
n :

(e) The well should
penetrate the full -
‘ ‘depth of the water
« bearing forx"pation

. (f) No standing water:
" allowed within 50 feet
of well head -

APPLICATION:

Have students accomplish
 WB 3ABR56330-V1-8-P1,
-questions 1 through 14.

-

ground leveltotop . _ T - -

Y
e




}

~
I .
Evaluate by oral or written questions; N

EVALUATION:

and/or observation of student's ~

performance during lesson,  This
may be accomplished at.any time
during lesson for increased
effectiveness. ~

<

CONC LUSION (Day 53)
SUMMARY:

STUDY ASSIGNMENT:

1. Review SG 3ABR56330-VI-8 and

~ answer questions atend of -
chapter. - |

2. Read SG 3ABR56330-VI-9

’

Co " "INTRODUCTION (Day 54) -
CHECK PREVIOUS DAY'S STUDY ASSIGNMENT
. REVIEW: : :




! S,

PRESENTATION LT

8b. Followi.ng written instructxons »
list the methods and procedures ) : ~
for backwashing a well, cleaning *
well .screens and prevention of
. fre\eze up of wells.

(1) '\Purpose of backwashing

\\ . ™ ' « ) . ..'f-‘:};”':zy
l(a\. To dislodge silt LT
f= \ ’ > ‘,
g ) |Break up.crusts
' (e) C\?.ean-pores of
formation o ' ’
’ \, , " ‘/ s , . ' , ¢
. ’ ’ \ ~ i ’ l 26 ) L
. 8 ,
. " 2

\.-."




@

(d) Restore unrestricted
flow

Techniques used in
backwashing

-

(a)~ Reverse-flowof water———— - — —

"~ >

(b) Surge water in well

(¢) Pressurize well
(dry ice) /

-~

(3) ,Purpbae of ‘well screens

(2) Supports the formation

-

(b) Prevents caving in

(c) Permits water to flow .
in well '




)

(5)

PR a

Types of well screens

() Reinf&reed wire mesh

(b) Thinly slotted sections
~ dof pipe

(¢) Perforated pipe
. 8ections -

(d) Finely spaced wire
.wound on a structural
skeleton .

Techniques used in cleaning
well screens

(a) Backwashing

10

N




- (b) Surging e,

(c) Pressurizing

* (d) Acid treating

(¢) Remove from well
and clean mechanically

(6) . Methods of prevention of .
freezeupof wells ==

-
-

> (a) Continuous pump
operation lessens 4 ' ’ :
chance of freezing e

(b) Construct a shelter
over well

-

R

8c Given operating data and
following written instructions
calculate static level, puiping ,

. level, and drawdown, and L = - ... - .
calculate within +1 ounce the - R : '
calcium hypochlorite needed to ' Lo s
sterilize a well that contains. . - .

1000 gallons of water,

“ 11
4.12::] . @




I e 4 L . s * L S L T T T e e T

e 0

—_ e e N\
Y
'

L1

(1) * Definition of terms

s

(a) Static level

1. Top of the water o
table before .
pumping

2 Highest level
water_ will rise
in a water well -

e

, " h (b) Pumpiné. level o B f - )

1 Elevation of the
~ water level while
water is being , :
- pumped : X

- 2

" Level is dependent

on amount being

pumped and amount .

flowing into hole 7 K D

o




(c)

Drawgiqw_n

I Difference between

~ ‘static level and
hpumping level

2 Rate.of pumping
. depends on the
drawdown and
 wells ability to
recover

(d) Yield | ' .

#

1 "Maximum yield

2 Desired yield .-
3 Safe yield

_ ... 4 Specific capacity

A}

(2) Mathematical formulas

13
137

relative to well production ., M.w—w—“—f-—-f”w ——
_.__,_._——-———"‘““'4" - .

S St )




A Sws

A
(a) Conversion of psi '
(psix2.31 =ft) -

. o
» . P
’ .
’ ’ B D
. 7y -
) v
-

(v) Static level = Length
of-telltale - psi .
before pumping x'2. 31

(c) Pumping level = length
of telltale - psi .
- while pumping x 2.31

LY

(d) Drawdown = psi

before pumping - psi ‘ ]

while pumping x 2.31
(or static level - ‘*

pumping level =
drawdown)

k4

¢

(3) Causes of well é}onlt_amination

=

(a) Contamination during
-, drilling
. ) (

‘(b) Surface wafer -
contamination \
N
\

[ N

14

~
P
e
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(4) Mathemahcal formulas for-
dlsinfection '

_«;‘

| o
(4) ¥ pipe dimension is
| T x e
- plpeinftx 7.48 =
gals HO -

|
|
1/ ‘ .
(b) ¥ pipe dimension is in
I feet
. “r? x length of pipe

in ft x 7.48 = gals

HyO -

‘1bs Cl, =

gals HyO x 8.34 x ppm
’ ’ o
@) IbsC "
. = lbs HTH .

(use deoima.l value for

% HTH)

(e) Chlorine solution best
(150 PPM)




* R ’ 3 - -
. ;\\ \ ﬁ S
“ i :
: N oY
() Mixedin rubber or _ e .

o * crock co\tainers
© (g) Poured into well head - . - | c

~ APPLICATION: . ~ - , o !

- Given operating.data, calculate )
static level, pumping level, draw- . . .
. down of a well ‘

‘a. Telltale measurement ¢
(see AFM 85-13, page 338)

b. .Compute drawdown using- ) Co ‘ ]
problems in AFM 85-13, . ) >
.page 339,, and page 28 1n ‘ ’

WB- 3ABR56330-VI-8-P1 ,

Calculate the amount of calcium

hypochlorite required to provide

the minimum strength golution

to diginfect a well with 1000 gals . :
water . .

‘e -

EVALUATDN: 1

Evaluate by oral or written questions, K
and/or observation of student's :
performance.durifg lesson. This
may be accomplished at any time
during lesson for increased
effectiveness.




.- CONCLUSION (5 Min) LT
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| - /

. SUMMARY:
- ) B ~\“ - / o
- ‘ ~
REMOTIVATION:
STUDY ASSIGNMENT:
AN
None . )
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.+ " PURPOSE OF STUDY GUIDES AND WORKBOOKS
e oo ' L
Co. b = -

Study Guides and Workbooks are training publications authorized by Air Training

Command (ATC) for student use in ATC courses,

@ e

* "The STUDY GUIDE (SG) presentsthe information you need to cdmpiete the unit

of instruction, or makes assigrments for you to read in other publications which

-7 Jcontain the required information.

- The WORKBOOK '(WB) contains work _procedures 'deslgngd to help you achieve
the learning objectives of the umit ‘of instruction., Knowledge acquired -from

using the student study guide will help you perform the missions or exercises,

Solve the problems, or answer questions presented in the workbook.

THE STUDY GUIDE AND WORKBOOK (SG/W B) contains both SG and WB material
under one cover.-< The two training mbllm.t,lg:{;h may be combined when the WB
is not designed for you to write in, or when SG and WB are issued for you

to keep: T . -

Training publicationg are designed'for ATC .use énly. Theyare updited as nec-
essary for training purposes, but are NOT to be used on the job as authoritative
references in preference to Technical Orderg or other official publiu,tloqs.
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INTRODUCTION TO EXTERNAL QO§ROSION CONTROL

b

OBJECTIVE

The purpose of this study guide is.to help you understand
the processes by which metal corrodes and to help you prevent
corrosion. You must be able to recognize the -common types ‘of
corrosion and know the most-effective methods used to prevent
corrosion of plant equipment more effectively.

INTRODUCTION
Corrosion is the natural process of metals changing back
to their natural state. Corrosion is essentially the same in
all metals. However the rate of corrosion will vary-with
different types of metal, and more so in different environ-
ments. Therefore, corrosion can be defined as the deterioration
of metals as -a result of an unfavorable environment. This study
guide will discuss ‘the basic causes of corrosxon, types of
corrosion, and methods .of preventing corrosion under the
following main topics. . ’

" THE CORROSION PROCESS
TYPES OF CORROSION
PREVENTION OF CORROSION

/

This study guide will not contain all ‘of the information
you need to know about corrosion. Therefore, the research of
the reference material at the end of this study guide is highly
recommended.

THE CORROSION PROCESS

We already know that corrosion of metal is the deteriora-
tion as the result of an unfavorable environment. We need to
know what causes some of these unfavorable environméhts.

For many centuries there seems to.have been little
curiosity regarding the causes of corrosion, although a few
significant observations were made. Due to the results of
these observations many extensive studies have been made in the
last few years. From these studies it has been determined that
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the control of corrosion is a very important factor in the
continuous efficient operation:of water and waste systems.
Corrosion attacks on utility systems can interfere seriously
with the accomplishment of the base mission by causing plant
'shutdowns for repair and rehabilitation. It hag been deter-
mined by the National Asgociation of Corrosion Engineers that.
corrosion in the United States causes losses in excess of 6
billion dollars annually. The Air Force's share of this huge
cost runs into several million dollars annually. This emphasizes®
the neeéd for an effective control program. Such a control pro- -~
. gram cannot eliminate all corrosion, but it can reduce it by a
-+, very.high precentage. .

You must first understand some of the basic facts about
corrosion before you can effectively control corrosion. The,
corrosion process is the deterioration of metal in the process
of returning to its natural state. It changes into a different
substance. An example is the rusting of iron. ‘The iron .

actually goes through a chemical change or chemical reaction.
The change from iron to iron oxide (rust) is the process of
iron changing back to its natural state. If you could .collect
enough iron oxide it can be refined or smeltered-into usable
iron once more. ’ ‘ ' « i

-

N

This deterioration of meﬁql known as corrosion takes place
in one of several different forms which will be discussed later
in this lesson in more detail. The most common types or forms
of corrosicn that you will be dealing with in water and waste
processing will be either Chemical -or Electrochemical attack
corrosion. These two types or forms of corrosion are caused

basically by the fiow of electrical energy from one point to the
other. . .

Where does this eiectrical energy come from? We all have
some basic knowledge of electrical energy, but in most cases not

enough fer a good understanding of electrical energy and corro-,
sion currents. : ’

All metals have electrical potential voltdge. This is in

the form of stored electrical enérgy. It might be said that

this enerdy or potential voltage is trying to find a place to go.

When two metals are joined together in the presence of an elec~

trolyte (any liquid or moist”substancq that will conduct electri-

city) the one having the higher electrical potential gives up or
'~ - releases electrical ions to the metal having the lower electrical

potential. ' ’

This flow of electricity, together with the particular
electrolyte involved, creates a favorable environment for the
|

2
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metal having the highest electrical potential to corrode. The
order of electrical potential of the different common metals is
given in the E.M.F. (Electromotive Force Series Chart) shown in
figure 1. The speed and intensity of corrosion are determined
by the amount of separation of the metals in the E.M.F. series.
This can be seen by reading the voltage potential in the
extreme right column of the sexies chart. Therefore, the
greater the separation the greater the change for a corrosion
cell to .exist.

The E.M.F. series was developed through experiment and by
measurement of the difference in electrical potential of these
metals. The difference in electrical potential is caused by the
atomic structure of the metal which has been developed over
countless years by many scientists. In block I of this- course
you studied atomic structure to the extent necessary for this
field of study; therefore, it will not be developed further in
this course. ‘

ELECTROMOTIVE FORCE SERIES CHART

Anodic End or Most COrrosive

METAL . : °  ELECTRICAL POTENTIAL

MAGNESIUM + 2.37

_ ALUMINUM . + 1.66

- MANGANESE +1.18
ZINC o +0.76
CARBON STEEL “+ 0.71
CAST IRON + 0.62
LEAD o .+ 0.13

_ HYDROGEN - 0.00
TIN ‘ - 0015
BRASS - 0.20 ‘
COPPER - 0.34 P
BRONZE - 0.47 .
MERCURY . - 0.79 .
SILVER . , ‘ - 0.80
GOLD - 1.68

rd

Cathodic End of ‘Least Corrosive
Figure 1. Electromotive Force Series Chart
This table does no; include all of the corrosive metals,

and the metals listed will have different electr;cal'potentials
in different electrolytes. '
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] The wetal having the highest electrical potential is
known as the anode or-anodic area, and the metal having the ™
lowest potential is known as the cathode or cathodic' area. The
anode or anodic area is the point where corrbsiqn.alway9‘occurs

are carried from the anode

. in metal. Small metallic particles
.énto the electrolyte and are dissolved and exchanged for
ydrogen ions which flow to the cathode and ‘tend to deposit as
hydrogen film on the cathode. This is the basic principle of
galvanic corrosion, which is the most common form of corrosion

' that will be encountered in water and waste processing equip~-
ment. g ’ ’

TYPES OF CORROSION

4 s

Now that you know sométhing about the corrosion process,
let's discuss types of corrosion. )

~

Electrochemical Corrosion

This is the most common type of corrosion. ' It is more .
difficult to detect in its early stages than some other types :
of corrosion, and it has a much wider range of ‘unfavorable

s environments to control. - Electrochemical corrogion attacks any
exposed metal surface.

e

This corrosion process is also known as galvanic corrosion. )
We discussed the source of electrical energy earlier in .this ’
lesson; therefore, the same basic principle that was discussed R
will apply- to all electrochemical (galvanic) attack corrosion.

There are two rules to remember about galvanic corrosion

currents. These rules will apply to all electrochemical
corrosion cells. i

- ‘ 1. Where the electrical éurrent leaves the metal (anode) -
it corrodes. h
o

2. Where the electrical current enters the metal
(cathode) it is being protected. - )

These rules can be applied to all galvanic conditions.
For a’'better understanding of a galvanic corrosion cell, let us
use a dry cell battery as an example. The dry cell battery
consists of a cathode (carbon rod), anode (zinc can), electro-
lyte (salmonic paste), and an electron path (the connection
between the cathode and anode). This electron path is not
completed until the battery is installed for operation. All
dry cell batteries are constructed with these .components and all

galvanic corrosion cells have these same components also. See
figure 2 for an example. .

14z - ‘




" When' the connection is mad
negative terminals of
creating electrical cu

CARBON ROD (CATHODE)

Figure 2.

————

e ZINC CONTAINER

( ANODE)

Dry Cell Battery

rrent flow.

until the connection is broken or
eaten up or displaced.

Electrochemical reaction means
e of electrical energy
time. Thus, whenever corrosion occur
electric current from the corroding.
electrolyte or conductor of elect;ic

and an exchang

. The electric current flowin
particles of metal with it.
ions. As the metallic ions
they are exchanged for hydr
and tend to deposit a hydr
metallic particles carried
changed to oxides as they m

anode.

In the case of steel,

pattern of rust.

There are several way

created.

We have already

to the cathode
The

(-

*

e between the positive and
the battery the ions start to flow
This flow will continue
the anode is completely

that chemical changes
take place at the same
8, there is a flow of
portion of metal into the
ity, such as water or soil.

g from the metal carries

The charged particles are called

are dissolved in the electrolyte,
ogen iong, which flow,
ogen film on.the cathod
from the parent metal are usually
ove into the electrolyte and are
deposited as corrosion products, most often near or on the
these oxides form the familiar

»~

8 in which a galvanic cell may be
discussed the dry cell battery type..

’

/-




Another. common type of corrosion cell is one consisting of two C~
metails and one electrolyte as shown in figure 3.

et

IRON OR STEEL PiPE BRASS OR COPPER FITTING ’
- v ’ . t )
o Z R :
ELECTROLYTE cmmemt "Fa ‘

Foss__ Fess ¢
. Ha0 , W M+ ,

CATHODE
CORROSION CURRENT ’

\I‘

Figure 3. Corrosion Cell-

\\ T

electrical potential gives up ions to the lower potential
of the brass or copper, therefore creating a galvanic cell.

.In the above example the iron or steel having the highér

A

/ - Another type of galvanic corrosion cell commonly found
/ in water and waste systems is one on metal with a dissimilar ~
/. surface on the same structure. See figure 4 for an example. ‘

1]

) / ANODIC AREAS

/ : CATHODIC AREA

ELECTROLYTE vt |/ e |
H,0 .

PIPE WRENCH-CUTS

> FRESH THREADS
|

Figure 4. Galvanic Corrosion Cell

| In figure 4 the new threads and’ pPipewrench cuts become

anodic to the remainder of the pipe due to the dissimilarity

of the two surfaces regardless' of it being on the same metal. “\

6 ‘ . , —~
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These polished or bright surfaces corrode at an accelerated

rate, weakening the pipe at that point.
Chemical Attack

This is a commion type of corrosion to be found in water
and waste plants due to the large amounts of chemicals used
in these plants. .

Chemical attack of metal is easy to detect and equally
easy to prevent. Most metals will react or corrode when they .
come into contact with acids. If you place a drop of strong
acid on a piece of. iron, You can see it ‘bubbling. After a few
minutes of exposure or -contact with the metal, you can see the

Pits or holes left .in the metal by the chemical attack of the

acid. Some metals wiil resist chemical attack by acid, but
will corrode readily when exposed to alkalies. Almost all
metals will have some reaction with one or the other of the
two. ' ' ,

- Most chemical attack of metal occurs in industrial waste,
in heavy industralized areas, or by chemical spillage. Any
one of these would be considered to be an unfavorable environ-
ment and therefore, increase the amount and rate at which cor-
rosion will progress.

Chemical attack corrosion can be prevented in most cases
by preventing chemical spills, venting.chemical fumes away from
equipment, or by using equipment constructed of materials that
will not be subject to chemical attack. Generally any measure -
that will eliminate the unfavorable environmental conditions

will retard chemical attack corrosion.
Bacteriological‘TYpe:of Corrosion

Bacterial corrosion is another type of corrosion result-
ing from electrolytic or galvanic. cell action of biological
organisms. By definition, bacterial corrosion is the deterior-
ation of metals by corrosion processes which occur as either a
direct or an indirect result of the metabolic activity of
certain bacteria, particularly in water or soil environments.
These biological organisms causing bacterial or biological
corrosion are bacteria, slime, and fungi.

Microbiological Corrosion

s

Microbiological ‘corrosion acqion in the soil is due to
physical and chemical changes of the soil by action of these
organisms. Some types of aerobic bacteria are responsible for




the production of active galvanic cells. These cells are pro-
-duced by the production of variations of oxygen content in the |
soil (differential aeration) or the reduction of the hydrogen
film over the cathodic areas (depolarization). - '

Anaerobic bacteria are responsible for the reduction of

sulfate salts into sulfide compounds. As already studied,
: sulfides, like hydrogen sulfide, vigorously attack most metals.
0 " Anaerobic bacteria. is mostly found in highly water logged,
sulfate bearing, blue.clay type soils. The bacteria concentra-
tion as well as the corrosion rate varies considerably between
the different seasons of the year. Cast iron and steel piping
are corroded mostly by sulfide production.

PREVENTION OF CORROSION .

Since we haGe discussed some of the causes and types of
corrosion, now let's cover the most important aspects of cor-
rosion. That is the prevention or control of corrosion. T

|
|
In a given situation, corrosion may have one cause or .‘
many. Therefore, control measures must be planned to meet the .
specific condition. )

Designing Against Corrosion

N

Two steps are necessary in general design: (1) To

incorporate features that minimize corrosion at the outset.

(2) To establish conditions that make it easier to combat

corrosion showing up in subsequent operations. Proper desigﬁ\}

includes the selection of the most corrosion resistant materials
- for a given environment. Among light metals, aluminum,

magnesium; and cadmium are relatively corrosion resistant. .

Corrosion resistant .heavy metals include cast iron and lead.

Nonferrous metals such as copper and bronze are even more

corrosion resistant than/thé“ferrous metals. In many cases -

nonmetallic materials may be substituted for metal. ‘

Where possible use the same metal throughout the system
to prevent galvanic action caused by dissimilar metals. When
it is necessary to use dissimilar metals, use metals as Close
together on the electromotive series as possible. The closer
two metals are on the E.M.F. series chart, the slower the rate
of corrosion. See figure 1 for the E.M.F. series chart. The
beginning on the.chart is the least noble or more corrosive,
metals, progressing to the noble or least corrosive metals ‘at
the bottom of the chart. ' '




I \
" Cathodic Proteciioh ‘ \ ‘

Another method of preventing or controlling corrosion
-is by cathodic. protection. Cathodic protection by definition.
is the application of sufficient direct current to prevent
currents. from leaving the anodic areas of a metal structure.
The entire object then becomes negative or cathodic to its
surroundings. This is using the knowledge of the electromotive
pPotential of a metal and applying enough current to make the
object more noble or to have a lower electrical potential than
another. metal with which it is in contact with.. Cathodic pro-

tection systems will be discussed fully in another lesson later
in this block. ' ’

Corrosion is classified as &wo types: Chemical and °

Electrochemical. There are many different kinds of these two
. types of corrosion as follows:

o 1. Pitting - Most destructive form of corrosion, . St
characterized by irregular surface destruction in small areas.

2. Uniform Attack - Where large areas become unjfornly
corroded. - - .o L. ’

3. Galvanic Corrosion - Occurs where two dissiimilar
metals are in contact in the,presence:of an electrolyte.

4. Intergranular Corrosion - Starts at the surface and
penetrates the metal. . , .

5. Exfoliation - An advanced stage of intergranular
coxrosion resulting in flaking or scaling off of surface.

6. Stray Current Corrosion.- This occurs in areas in

ction with industrial areas, or electric transportation
systems. - ,

7>\a‘Dezincification - This affects copper alloy tubing;
the removal of zinc by corrosion leaving only the porous copper.

Sincem@here are many different kinds of corrosion, the

expensive operation. The best control or prevention is to
treat corrosion in its early stages or perform preventive
measures in gdv‘gde to prevent the forming of,corrosive.cells.

PREVENTION OF CORROSION

Since you kn that the necessary requirements for a
corrosion cell are anode, a cathode, an electrolyte, and an
electrical ‘path, it i apparent that to prevent corrosion from

9
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control or prevention of corrosion ‘is a very complex and '

LY
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occurring, it Wlll be necessary to remove one of the necessary
‘requirements.. Methods\in which this may be .accomplished are

as follows:

1.- Use only corrosion resistant metals.

2. Do not create galvanic cells by connecting dissimilar’
metals, such as iron and copper, together.

"« 3. Use insulated coﬁplings when such couplings must be
made (to break the path of electron flow).

4. Eliminate the electrolyte. -

5. Apply cathcdic protection (for elimination of all
anodic areas). : . .

6. Apply protective coating over surface to prement
electrolyte from contacting surface of the metal.

[ 4

.Of all the above mentioned methods of preventing corrosion,
the most widely used and most practical method for preventing
external corrosion is painting or applying a protective coating.

- There are many types of protective coatings used for this
purpose. Asphalts, coal tars, plastics, mastics, greases, and
concrete are a few. These coatings are considered insulating
materials. They are designed to ihsulate or isolate the metal
from the oxygen and moisture of electrolyte tc prevent corroSion.
These coatings are not effective in all enVironments, but
each one was developed to fulfill the requirements of a certain
type of corrosion environment. Listed below are some of: the
" many coatings and their uses. 1 -

. Ve
4 -
/

»

Metallic coatings, “such as galvanizing (zinc coatinglﬂis
very effective ‘in_protecting any metallic structure or pipe -
against’ atmospheric. type corrosion. This type of coating is
ideal for cold water lines and metals exposed to normal. 1
atmospheric temperatures. However, at elevated temperatures,
as in high® temperature equipment, metals such as iron corrodes

.very rapidly. The reason for this is that at a critical
temperature of approximately 140° F iron becomes anodic to
zinc. This results in the iron becoming the sacrificial anode
which corrodes readily. . . \
. * .,
Portland cement coatings have been used with success when
properly applied to pipelines to be laid in highly corrofive
soils such as areas containang acid mine drainage or in
y

\ 10




brackish marshes. . Weli mixed portland cement, dgenerally 1 to 2,
is applied to a pipeline. The thickness'of the cement applied.

< May be up to two inches thick.’ If the cement is properly  mixed .
and tamped arourid the pipe, it may last for forty years.  How-
ever, cement has the tendency to absorb moisture and crack which
in many ways limits its use. In fact, where the cement cracks,

electrolysis immediately starts to corrode the material. This

process involves cleaning the pipeline mechanically and coating
the interior with a layer of concrete. The process can be -
effectively used.on a pipelinéﬂpaving a diameter of four inches
oingZater. \ : , - _

Grease coating is another type of protective coating

commonly used on Piping. This grease is usually made. from a . .
petroleum base and resembles paraffin or wax. It can be applied
either hot or cold; however, it must be protected by some type

of wrapping in order %o keep the grease from being displaced .
or absorbed by the backfill soil. c. - : :

o Asphalt and coal base coating? are by far the most common
types of protective coatings used. Asphalt base coatings are
prodgced from petroleum residue and natural resources. These

~ ture’ change without creating a corrosive condition. Howkver,
coating of this type absorbs considerable water and di solves
readily in many forms of Petroleum products. Some types of \y
asphalt coats are considerably more expensive than coal tar
coatings., : - ' N
v ) <

.. ~Coal tar coatings are considered the most common type
.used on piping today. It has been proved' that theése, coatings
last longer, and they have continuity, hardnesys, adhesion, and
resistance to corrosion. anl‘tar.coatings are less expensive
than asphalt base coatings. This type of coating has the dis-
advantage of not having a very good impact resistance and a
" wide change of-temperatpre often causes cracking on the.surface.

N

; Another major'group is the paint and enamel protective
poatipgs.\\Coal tar, asphalt, rubber, and vinyl are just a few
of the paints that are mentioned in thie study guide.

1]
“
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low permeability to water, resisting electrolytic ¥eaction, and f

are not affected by the. action \of the water. .. ‘These paints are"
.| recommended for.piers, marine i stallations, flood, control ~ .

structures, sewage disposal plan%p, and industrial concrete r

i piping. - - /

Asphalt tar paint ié-espec;kgly weather resistant and . |
- durable against industrial fumes, .condensation and sunlight |
.action., 'Because of its tesistance\againpt water solvency, it

_is used on steel tanks and cbncrete\ieservoirs. .

: ‘Coal tar paints have thé'outstinaipé characteristics of
)
|

Rubber based paints such as chlorinated rubber base /
type are very resistant to‘acids,~alk§lies, salts, alcohols, -
petroleum products,  and inorganic o0ils. Resistance to these /
industrial:products makes this‘typq‘of\protective cqating ideal /
for use on the inside of metallic and concrete storage tanks. .
1f these structures are .submerged, pither in water or in the
ground, a special form of this paint must beuused because of "

condensation. \

[

Vinyl type ﬁéints are one of the ﬁany synthetic resin
base paints. . This paint dries +to a film that is tough,

abrasion-proof and highly resistant to electrolysis. It is ,
odorléss, tasteless, nontoxic and nonflammable. This film is )'.
especially resistant to oils, fats, waxes, :alcohols, petroleum .
golvents, formic acid, organic acids, amonium hydroxides, and° ~

phepols. Because of these characteristics it is very good for- -
use on tarks, pipelines, well heads, off-sﬁogé drilling rigs, .
piping in oil -industries, railroad hopper cars, dairy and .
brewery/equipment, storage tanks containing acids and alkalies,
gasolinp stogage tanks, and;qoncrete exposed to -corrosive

environpentsn

e e T iy
.

@ +

** Most painé, coatings or bonding material -reguires a

primer 'to provide a thin layer so it will penetrate into the .
pores of the metal and adhere both to.the metal -and the paint.

Preparation of Sp;faces for Pioctective Coating - Surface
preparation before.the application of a nrotective coating
means to remove contaminants and improve adhesion of the
coating. 'The protective coating fails in direct proportion
to fhe lack of adhesion to the surface. Therercre, it is-
important that the surface. is clean so that the maximum amount
of adhesion is obtained. )

4

- The surface preparation methods are mentioned in three »

. bagic classes as follows: mechanical surface preparation, '
chemical surface preparation, and solvent cieaning and

- degreasing. O : .




Mechanical Surface Preparation - Mechanical surface
preparation includes hand cleaning, power tool cleaning, sand
or shot blasting and flame cleaning. Hand cleaning is best
adapted for spot cleaning and is not recomménded for use over
large areas. The operation is performed chiefly with wire
brushes, abrasive cloth or .paper, scrapers, knives, chisels,
,or chippihg hammers. Hand cleaning|is primarily used, to remove
-loose scale, paint film, and caked -soil. . a

Power cleaning. is more effecti and efficient over larger
areas than hand cleaning. Power tools are usually. pneumatic
or electric driven grinders, sanders), and brushes which are
able to’ remove corrosion products d to the bare metal. O0il
- .and grease should be removed by a solvent before power tool

- cleaning in order to prevent these products from spreading over
_the entire surface.

\

LT .
Sand.or shot blasting is anothe% mechanical process used
to remove mill scale, rust, rust scale, and\foreign matter down

| to the base or white metal. The process involves abrasives shot
under high pressures against the surface of the metal to be

‘ cleaned. For best results, . the .surface should be immediately, ° N}
| ted with a primer coat to avoid the formation of corrosioﬂ ’
. P cts on the crater like surface debrelliong\ ridges, or

metal hairs produced by sand blasting.’ \

. Flame cleaning is another mechanical method of surface /
preparation. This method is used on structural surfaces of '
sufficieént thickness and where warping ‘and dehydration present
a probléem. Flame cleaning is used toc remove unbonded mill
scale and old mill scale which had not been previously painted.

Flame cleaned surfaces must be jpainted before it is affected
by condensation. This is generally done within two hours after e

- flame cleaning while the metal is still warm.

Chemical Cleaning . K . /

The second major methcd of surface preparation is
chemical cleaning. Chemical treatmecnt encompasses alkali
cleaning, acid pickling, steam cleaning, and phoaphate surface
treatment, ‘ ’

_ Alkali treatment uses a strong alkali to remove oil,

grease, and soluble rust stimulators. Alkali cleaning does not
remoye heavy or carbonized oils or rust/ inhibitive oils. ~ The !
surface must be neutralized with a weak acid solution so that

the alkali does not attack the primerlfvehicle.

re

|

|
) : |
13 |
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Acid pickling is another method of chemical treatment

of metal surfaces.

A weak acid such

as a diluted muriatic acid

‘ds used on a degreased iron
scale and corrosion product

~chromic acid is used right

Protect the metal surface.
tive coating or paint is ap

or steel surface to remove all mill
8. Diluted phosphoric acid or

after ‘the acid cleaning'in order ‘to
When the surface is dry, a protec-
lied so as to .offer a more permanent

P

coating on the metallic surface.

Steam cleaning is ano
grime,’ grease,: and loose ox
remove rust or mill scale.

ther process ‘which removes dirt,
idized paints, but it does not
Detergent steam cleaning has been

used with good succes
After steam cleaning,
alkali on the surface

, The phosphate s
designed to treat the

phosphate_which extends

or chemical process to r

the phosphate can be

no effect on corrosion products
protective pain

extend the life of

8 to /remove grease from metallic surfaces.
the/surface is usually rinsed so that the
does not chemically attack the primer.

urf§ce treatment is a chemical process

metallic surface with an insolublé metal

e life of the paint used. The

emove the corrosion products before

applied, because the metal phosphates have
These metallic phosphates

t film by improving adhesion, .

“>~_retarding underfilm |
reaction; and reducing/the decomposition of the paint ‘véhicle.

corrosion,

reducing electrochemical

~applie

This phosphate treatment can be
or spraying.,- /

[

!

Solvent Cleaning and Degreasing

The third major method of surfac
vent cleaning d degreasing. Solvent
used to dissolve oil and grease and do
scale or corrosion products.
and toxicity of solvents must
treatment- is used.

. Application of Protective Coatings

Technical 0

|
der 1-1-8 deals with
Paint equipment,

urface, preparation,

d by immersion, brushing,

pPreparation is by sol~
cleaning is basically
€S not remove rust, mill

e

Precautions as to the fire hazard
be observed when this method of

\

application techniques,
and a discussion of

individual coating

deterioration and

To provide optimum protection from
rrosion, the proper coating systems

E S

AN

(combination of pretre
selected for a specifi

The selectionto
marily on the materi }
the item will be subié

/'
/
/-

!
/
/

/

ent, primer,
appliggtion.

a

and topcoat) must be

thé proper coating system depends pri-~

to be coated,
cted, and the s

14

the environment to which
ervice life requirement

‘
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of the coatinq. No ‘single coating or coating system can perform
adequately under all conditions to which Air Force equipment is
subjected. ror example, a phenolic paint conforming to Specifi-
cation MIL P-12507 is good for water immersion or when subject
to high humidity conditions but inafsguate for exposure to an

‘industrial atmosphere.

: Many priuers and topcoats can be used in various combi-
nations; however, some primers are specifically formulated for
a particular type. of topcoat. The coating systems presented
in Air Force Technical Order 1-1-8 adequately cover most Air
Force painting and requiréments.

Y

'sumnx/i
' Corrosion is the deterioration of metal and can occur
because of- direct chemical attack or by an electrochemical .
reaction. Most corrosion is caused by electrochemical reaction.
A corrosion cell will be created when there is an anode,. !

cathode, electrolyée, and metal path present at the same time.

The best way to prevent or control corrosion is to
eliminate aqf one of the necessary elements of a galvanic cell.
This can be accomplished in many ways, but the most practical
way is by applying a protective coating of paint or other
insulating material to prevent the metal object from coming into
contact with the electrolyte. ,

There are many different types of protective coatings,
but all of these are not effective for all environments. For
that reason it is necessary to have an understanding of the
type of coatinq and the environment in which each coatlng would

be used.

QUESTIONS ) \

-

1. What is corrosion?

2. What ié the most common type of coriosion?‘

3. Explaxn how painting protects metal objects from corrosios.

4. In what portion of a galvanic cell does corrosion occur?
‘5. What is ‘the meaning of EMF? |

6. When connectlnq a brass fitting to a teel pipe which is
most likely to corrode first?

15
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Where can cathodic-protection/pe used?

8. What is tHhe most important step in applying protective
coatings? .

9. In a galvanic cell which metal would have the highest °
electromotive force, the anode or the cathode?

10. What is selective attack?

1l. Explain what unfavorable environment means.

12: What kind of' surface preparation is steam cleaning?

13.' What is the most commonly used ﬁrotective coating today?

14. What factors determine the selection of the proper coating

of a metal? _ f : o

REFERENCES
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CATHODIC PROTECTION
OBIECTIVE

This study guide is intended to provide an understanding of cathodic protection and °
its application to matal structures. It will also cover some of the common tasks per-
formed in maintaining the system.

INTRODUCTION - .

Cathodic protection may be used to prevent corrosion of any metal surface which
is in continuous contact with an electrolyte. It may he used on buried metal surfaces
such as steel pipelines and metal storage tanks. It may also be used to protect the
bottom of storage tanks rennng on the ground, the inside surfaces of water towers,
ship. hulls, and other metal ntruéturen in water. Cathodic protection will be covered
under the following topics:

* THEORY OF CATHODIC PROTECTION \

* METHODS OF CATHODIC PROTECTION
* EQUIPMENT PROTECTED |
* MAINTENAI?ICE OF PROTECTION SYSTEMS
THEORY OF CA:I'HODIé PROTECTION

There is a flow of electric current between two dissimilar metals electrically con:

nected. If the flow of this current can be stopped or reversed, theoretically the metal\\

will-not corrode. In cathodic protection, the current flow is retarded by puung an
au.:u.lury current through thc electrolyte to thc mctal to bc protcctod.

—— e R - plack N e e e e e

METHODS OF CATHODIC PRQTECTIQN

The flow of protective current m.ay be motivated by sacrificial anodes (galvanic
method) and by an impressed current.

To achieve cathodic protection by the galvanic method,  sacrifical anode (a metal
that will corrode moze readily than the one being protected) is put in the electrolyte
and electrically connected to the object. Electric current will then flow from the more
anodic or corroding metal through the electrolyte to the metal for which protection is
desired.




The electrical connection between the two objects completes the circuit, allowing

the current to return to the corroding metal. The corroding metal becomes the anode N

of a purposely established dissimilar metal cell, and the protected metal becomes the
cathode, ’

~Generally, the relative positi'o-n of the metals in the.electromotive series
mines the direction of current flow, The current from

is strong enough to prevent all current from leavin
the cathodic protection currents flow from the ele
and disintegrate. When this
_negative to its surroundings,

deter-
the corroding sacrifical anode \
g the metal being protected. Since

ctrodes they act as sacrifical anodes \
happens the protected metal then becomes cathodic, or \

Metals such as magnesium and zinc which are hi
have been found to be very effective gacrifical anodes when coupled with iron. Iron,

on the other hand, is an anode when coupled with copper. For large structures or
piping systems, cathodic protection by the galvanic method is not economical and a /
direct current must be used, .

gher in the electromotive series

Impressed Current System , . A /

. This is the other methzd of cathodic protection,
ternal source such as siorage batteries (wet or dry),
be used. The positive terminal of the generator or rectifier is connected by an insu-
lated wire to the iron, carbon, or graphite electrodes buried near the structure. If it /
is a water tower, the electrodes will be in the watér. The negative terminal is con- /
nected directly to the structure, The external powe= source is used to force the cur-
rent through the ground (or water) to the structure and then back to the power source / _,)
through the negative terminal, This current neutralizes the normal galvanic current /
ﬂowi;g from the structure, Figure 1l illustrates this form of cathodic protection, / N L
! - 3 A L2

A direct current from an ex- /
rectifiers, or generators must /

7

EQUIPMENT PROTECTED

Cathodic protection is limited in application to only certain structures, and it . Lo
cannot be used to retard corrosion in general. For instance, the outside surface of
a buried pipe can be protected cathodically, but not the inside of the pipe. In an ele-
vated storage tank or ground storage tank, onl

Yy the inside surface that is submerged
will be protected. The outside of the tank is

protected from atmospheric corrosion
by painting, plating, or by aprlying gfher coatings,

Buried Pipelines )

Buried pipelines are most commonly protected by using the impressed current

system. It is necessary to force the current into the soil and, through it to the pipe-
line being protected and then return it to the source.

Contact is made with the earth by burying scrap metal such as carbon rods

Figure 1. The current requirement provides complete protection de
different factors such as, pipe coating, area of exposed metal; soil resistance metal-
to-soil potentials, potentials of anodic and ga},hdit’ar/e;s. and the kind of metal in the
structure. The major factor of these-is-the

t! “the amount of meta! that is exposed. For ex-
ample, on a mile of bare_12-ifich pipeline with about 18,000 square feet of metal sur-
face, 1oo/t9,150-amp”eru of current might be necessary for adequate protection. In a

18 ' A !
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IRON OR CARBON RODS
\
.t o

I NI TR
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Figure 1. Cathodic Protection of Buried Pipeline Using External Power Source

mile of a well coated 12-inch line, a fraction of an ampere may be sufficient, ‘which
indicates importance of a good.coating.

No general rule can be given, although for preliminary estimating purposes 0,003
amperes per squarefoot of bare surface is used for iron structures. When cathodic
protection is installed, the external current is applied until the pipe-to-coil potential
is lowered to at.least minus 0.8 volts. This is measured with a multimeter and a
copper-copper sulfate half cell, When the protection is maintained, corrosion will
be stopped.or greatly reduced. ) .

Steel Water Storage Tanks

[

Cathodic protection stops corroni::gzgguoi'direct current to the tank wall,
which is the reverse of curr/eli,flow—t is caused by corrosion. The equipment con-
sists of a :ﬁi’ﬁe/rtn/praduce a direct current from an a.c. source, control rheostats,
an am —and electrodés suspended from the roof of the tank into the water. The
electrodes are connected to the positive wire of a d.c. circuit. The negative wire is
connected to the tank bottom, completing the circuit for current flow from the elec-
trodes to the tank surface. Current density must be about 5.0 milliamperes per sq ft
of bare metal; less.if the metal is protected by paint. It is essential that the elec-
trodes be 1ocated at different levels throughout the tank to maintain adequate protec-
tion. It may be necessary to locate the electrodes in a circle in large tanks for -ade-
quate protection. The riser (if any) will have an electrode in it to within a few feet
from ground level,

19
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A 8reat deal of emphasis
of the tank. This and the are
reéason that the entire interio

is usually placed on the i
a above the normal wate
r of the tank be painted,

~
nterr’nitténtly subme ‘ged surface
r line wil) ?orrode. It is for this

t

MAINTENANCE OF .PhOTECTION SYSTEMS

@ _'

Impressed Current System \
B While equipment is in operation, note and record c‘urre'nt flow shown by the meters.
If there is no-current, check the

fuses, electrodes, grodnd wire to
immersion of the electrodes. Check polarity and direction of curr
tions to the rectifier are reversed,

t

tank, (or pipe), and -

ent. If the connec-
rapid damage to the tank will ren}glt.
A

Check the operatin

g records and other data
covered with water,

to be sure electrodes \a
Maintain enough water in t

he tank to cover the ele

Te normally
ctrodes.

Check deterioration of €lectrodes. The amount of corrosion will increage as the
anodic area (electrodes) decreage. Replace electrodes that are badly corroded. : ’
Watch for a reduction in current flow-which is a sign of a Wworn or failing electrode,
{or sacrificial anode), \

o

” Protect the electrodes installed in elevated storage tanks from ice, which may
damage them or tear them from their hangings. If jce formation is a serious problem,

the ounly way to protect them is to ‘remove them during cold weather. Reinstall them
at the end-of freezing season. '

protection,

SUMMARY ’ o 7 , B
D,

// o
- t/C/athmhc protection is a met
ructures. It is usually the onl
structures. The use of impress tal
surfaces in contact with an electrolyte, It does this by making the metal structure
cathodic to its environment. The two methods by which cathodic protection mayﬁ be
applied are, the sacrificial anodes system and

the impressed current system. The
‘anodes must be made of a metal higher on the EMF series than that of

the metal being
5 protected. |
, QUESTIONS - . ‘ ‘ \ ,
‘1. What is the purpose of cathodic protection? . - iv
2.

In which direction must the current flow in order to protect the metal? ,

-

« 3. How often is the interior of a water tank checked for cathodic protection?

/

What is the copper-copper sulfate half cell used for in cathodic protection?

How is the inside of the riser on an elevated storage tank protected?

20
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DRIVE EQUIPMENT AND ACCESSORIES .
" s

The purpose of this study guide is to list the common types of drive equipment and
accessories found in most water and waste plants, and to.acquaint you with the inspections
- and minor maintenance perfoffﬁ?d;.

INTRODUC TION ‘
\ 12
Inmany cases drive equipment consists of either an-électric motor or an engine. ° 'In
this lesson we will.discuss both units. We will also include mlpecnon procedures and

minor ma.intenance tha.t you will be expected to perform.

An electric motor or engine must be connected to equipment to be of any use. How
they are connected is of major importance, and we will discuss several types of R
connections. '

£}

There are three main topics in this lesson listed as:

. * ELECTRIC MOTORS ‘
* GASOLINE ENGINES : :
* DRIVE EQUIPMENT )

. -

ELECTRIC MOTORS .

Electric motors supply poweér to many pieces of equipment in water and sewage
treatment plants. The plant operator performs cleaning and mmor mamtenance, such
as lubrication,' for the equipment to function properly.

t ‘The repair is normally left to personnel assigned to the electric shop, or contract
maintenance (civilian contractors). The electric. shop personnel performs any major
maintenance. You will be responsible for performing "before starting' inspection and
7+ services, -test runmng .the motor, and accomplishing '"before stopping''dinspection. If
“ you are required to service an electric motor, it will be done in accordance with the ‘
manufacturer's specifications. ~ ' |

>

N The plant operator is responsible for the minor maintenance of the electric motors

;.l follows:

Check Motor Condition;

-

1. Keep motors free from dirt or moisture.

P k4

2, Keep operation space free from articles that may obstruct air circulation.

-

3. Check for oil leakage from bearings., .

Note All Unusual Conditions * ’ .
< 22




N o

) \ .
. —-—Report any of the following conditions to Civil E gineer Service Call Desk for
correction by the electrical staff: .

Y o
1. Unusual noises in operatjon. o

2. Motor failing to start or .come up-to normal. Sluggish operation..

. £ t

3. Motor or bearings feel or smell hot. _

4. Continuous or excessive sparking at commutator or brushes; blackened
commutator, ‘

5. Intermittent sparking at brushes, \ e
6. Fine dust under coupling having rubber buffers or pins.

“ .
7. Smoke, charred insulation, or solder whiskers extending from armature.
‘ ¢

.

s ) /
8. Excessive hum, . ¢

9. Regular clicking. A ) \ -
10. Rapid knocking. l ' | \
" 11. Brush chatter. S ; \ \ ’
12, ‘Vibration. - , \ :
. 13. Hot ;:ommuutor. - \\
. / -
Lubricate Bearings: \ ' - < ‘ \
1. Check oil in sleeve bearings and replenish if needed. ) \
2, Check-gnease»invball—or—‘rouer-l;earinlgrand' replenish if heeded, ‘\\
Antifricrtion Be'.l;ring: . ’ | \\\

P

The base civil engineer may direct the piant operators to service antifriction |
bearings when they have the skill and tools for the required work. For procudures see
AFM 85-17, -

. GASOLINE ENGINE ‘ |

Normally gasoline or diesel engines are provided for in the case of base or commer-
cial power failure, The repair of standby engines is the responsibility of the base
ground power section, Emergency power may disturb certain processes of water and
sewage treatment or cause damage to-equipment. To pPrevent any disturance or damage,
prepare a list of actions in order of their importance to be followed in case of sudden
power failure; post one checklist with the piece of standby equipment and one in‘the
plant office, ) )




All gasoline engines must be operated continuously for at least 15 minutes each week

. to detect malfunctions and to keep the engine functioning properly. '1f an engine has not ’
been in operation for several days, inspect before starting it. The following inspection
* . /

aad/or ma’intenance should be accomplished: . , \ “ i

\ Preopeia;ion Service . ’ , ~/ / \\\\\‘ i

1. A visual check of fuel, oil,| and water; add if necessary., . . \ . . \\

2. Cl-:eck accessories ;nd driyes such as c'arb\;retor, genératq‘r, regulator, s_té.rter, . - ”

. 1ts, fan, fan shroud and w.at‘er pump foxf loose connection or mounting‘?. 3 : \
!

3. Check engine for leaks (water, oil o_r/gas) and then trace all leaks to the sour °e,,/
and repair or report it to.proper authority. ‘\‘1\

) " 4, Check battery and voltmeter. W i \\,
5. Start the engine and let it warm up before- putting it under load. -
\ .
6\. After the engine starts, check instruments, oil pre /lure, ammeter, tachom-
h " eter,\ fuel gage, voltmeter and temperature gage.
7\ After the engine is warmed{to operating tempex/-utixre, appl.y a load to engine
and.check controls periodiclany to make sure engine is operating properly. if
any unusual noises occur, lxhut down the engine and notify the installations
engineer. If engine performs well under lo/fd. check the engine periodically \
to assure it continues to fun"ction properly. . . , o~
< » ’ $ ——
8. After the engine is shut dov}n. check the water and oil'level and service if
necessary. Report any leaks that have developed.
p g
| * ..m\ / .
. 9. Give engine a complete visual check. ‘ it
\ - | e di | ) /
10. "Clean air cleaner and breather caps if dirty, . ,
7 [ . Lo /
‘11. Change engine oil and filter {at the elapse of specified engine running time.
£33 * ’
12. Check fuel filters. * T ‘
13. Check engine controls. ’
14. Check for leaks. ) - T
15. Check gear oil levels. .
"Additional Services
£ . '
1. Check battery and voltmeter. Clean dirt from top of battery. 1f terminal
connections or posts are corroded, clean them thoroughly and apply-thin coat-
ing of CGl grease; add water if required. - . . e
: 7

24

— The following services should be performed weekly:
|
|
\
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(X3 v T
) 3
ust loose connections, linkag
for wear, cracking, correct te‘;'/,.

.
N

/
2. . Check accessories and belts. Tighten or adj
Examine all belts

g _mounting of accessories,
and make necessary adjustment.
3. Insp;egt elt;ctri;:al wiring, . " (/\* ‘
4. Check air cleaner and breat}l_ler caps, . : ’
' a ' B | A

’ N ———

5. Check fuel fi;ters. .

6. Lubricate. /

OE 10 or OE 30,

L4 .
gine is hot and refill with new

urs of engins ope'ra-

bl

Drain oil from‘crankcase while en
on’standby service, any 64 ho

depending on conditions.. For engines
tion is corsidered as one week, . . [
.’ . L) - . . ,“' «~<-*‘(~ . - N
Malfunctions That Can Occur h i .
. |
1. Broken fan belt, ' ] Loy
v N LT ;"
o2, Overheating engine, ’ . o ' | - - /,
“ .~ ” - .
- !

. [
3.. Cracked block,

* 4, Burned valve,
5. Throw.rod. " \ | / ' ’

‘ S | g
6. Broken hoses: . /
* ) | . !

) ’ s -

7. Battery charge (low or dead). X :
- . " L] ’
. l

8. Oil seals leaking.
9. Bad-plug.s.(if any); —---- - - ) ‘

10. Inoperative electrical system. .

DRIVE EQUIPMENT , /
T, .

€ .
[ .,

\ Belt Drives ‘ ,
\ ’ e
. \\ Maintaining proper tension and alignment of belt drives insures/ lq_n’g life of Helts
h\nd sheaves. Incorrect alignment causes poor operation and excessiv belt wear, - -
Inadequate tension reduces the belt grip and causes high belt loads snapping, - and .
unusual wear, . .
Keep belts and sheaves

\\
\CLEANING BELTS.
To remove oil, remove belt

clean and free of oil which causes .
8 and wipe clean' with atrag moistened

. belts\to dete riorate,
in carbon tetrachloride,
. 25 »
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REPLACING BELTS. Replace belts as soon as thcy become frayec worn, or !
Replace’the complete '

cracked. Never replace one belt on a multiple drive (2 or more).
All belts in a matched set are machine-checked to '

set with a set of matched belts.
insure equal size and tension. .
. . /
i

Y INSTA.LLATION OF BELTS. Before installing belt, replace worn or damaged
Check multiple belts for matching size and

sheaves, then slack off on adjustments.
s into ponuon, never use screwdriver or similar lever’

, length. Do not try to force
“to _get belts onto sheaves. After belts are installed, adjust tensmn and recheck tension

©
)

STORING SPARE BELTS. tore ‘spare belts in a cool dark place. Tag all belts in
stonage to 1dent1.£y them with the ‘equipment on which they can be used. /,’~
% ~ . /

after eight hours 9£ operation.

‘e

i
TYPE OF BELTS. Belts are.classified as to their design. The two belts most /‘
. : !

commonly used are thé V-beltl and flat-belts.
I

V-Belts. A properly adjusted V-belt has a ahght bow in the slack side when runm}xg,

when idle, it has an ahve lpringmcas when thumped with the hand; an improperly trght-
If the slack side of the drive is less than 45 degrees

ened belt feels dead when" thumped.,
from the horizontal vertical sag at the center of the span may be adjusted in 5cc- dance
. . / R

with the following tabulation: .

.

Belt Tension  __
\“\'ﬁ- ’ ' ‘

" Span (inches) - -~ 1Q 20 . 50 100 150 200
. Vertical Sag From 0.01 %0.03 0.20 0.80. 1.80 - 3.:30 .
' (inches) To. 0.03 0. 09 0..58 2. 30 +.9C . 8:&60
- ~ ,A -
a, Check 'Tension. If tl.ghtemng be1t to proper tension does not correct
lhppmg. check for-overload, oil on belts, or other possrble causes.

Never use belt dreuing to stogbelt slippage. Rubber wearings droppmg

near the drive are a sign of 1mprope- tension, incorrect ahgnment, or

/
i

a

damaged sheavel. . , ,

¢
b, Check Sheave Alignment. \Lay a long straxghtedge or string across out-
side face: of pulleys and allow for differences in dimensions /from center

lines-of groovel to outside pulley faces of the pulleys bem;, ahgned Be !
especially careful in aligning drives with more than one V-belt on a sheave,

as a misalignment can cause Aunequal tension.
Most *

Flat Belts. Leather or rubber belts are usually used in flatgbelty drives.
flat-belt drives have either an adjustable idler pulley or a pivoted-base motor drive to

maintain belt tension. . . .

.
.

.
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a,
regular tour of duty,

sion. If a rubber flat belt

on leather belts,

b. Check Alignment, Check pulley alignment the same as for vV

Chain Drives

Chain drives (figure 1) may be
designed for slow medium, or high speeds,
Slow speed chain Jrives are serviced by
removing them from their sprockets,
soaked and washed in kerosene, then .8oaked
in 30 weight oil-to restore lubricating film,
Remove excess lubricant by hanging chains
up'to drain. Do not lubricate chaings that
drive elevators or feeders which handle
dirty or gritty material because dirt com-
‘bined with lubricant forms a cutting com-
‘pound which reduces chain lif%. \

SLOW SPEED DRIVES. Ilsecaus'e ‘slow
speed drives are not usually e‘n'clos’ed, 4
adequate lubricationis difficult. Heavy\pi‘l
applied to the outside of the chain seldom
reaches the working parts; in addition, the
oil catches dirt and grit and becomes abra- -
sive. For lubricating and cleaning method,
see paragraphs on next page.® °

. \
MEDIUM AND HIGH SPEED DRIVES. Medium

X0 @

O=~2~:0)

gl

Check Operation and Te:qiion. Check general operation conditions during
eep surroundings clean.
adjust if necessary, Slapping and whipping are evidences of improper ten-
slips after tension.has been Properly adjusted,

moisten pulley side of belt slightly with boiled linseed 0il, To keep leather
belts from slipping, use approved stick type belt dressing; never use rosin

Observe belt tension and L

-beits,

SILENT CHAIN

. SINGLE ROLLER CHAIN

< TRIPLE ROLLER CHAIN

Figure 1. Types of Chain Drives

speed drives should be. Ebntinuously '

lubricated with a device similar to sight-feed 'oiler, High speed drives should be com-

pletely closed in an oil-tight case,
. roller chains with 2075 or 3065, -
N 0
CHECK OPERATION. Check
duty,

CHECK CHAIN SLACK. | The correct.amount of
Chain drives or belts should n

tion of chain drives,
when chain is.tight, working parts carry-a much he
much slack is harmful: on lon’g cenisrs, ~
and chain whip, reducing the life of boti:

has a slight sag or looseness on the return run,
N /

/

and the oil maintained at proper level, Lubricate

/

ge;xeral operation congiition during regular tours of

!

slaék is essential to proper opera-

ot be tight around the sprocket;
avier load than necessary, Too
particularly, too much slack causes vibrations
chain and sprocket.

A properly installed chain )




!

CHECK ALIGNMENT. | If sprockets are not in line or if shafts are not parallel, A
‘excessive sprocket and chain wear and early chain failure results, Wear on inside' of
chain, sidewalls, and sides of sproket teeth are signs of misalignrr{ent Tc check’ /‘ -
alignment, remove chain and place a stra.ghtedge agamst ndes of _sprocket teeth of
both sprockets. } . i /

/

-

- CLEANING. On enclo’sed types, flush cha/in and enclosure with kerosene. On /
exposed types, remove chain and soak and wuh it with kerosene. If chains are too |
‘large to soak them conveniently, wash them by applymg gasoline or kerosene with /

a brush. ) E ' / .

CHECK LUBRICAno»{ Soak exposed type chains in CW'IIB or in OE 30 oil to
restore lubricating film. Remove excess lubricant by hangmg chain to drain. Do
not lubricate under-water cihains—that operate in contact with grit, If water is clean,
lubricate by applying WP or GG 1 grease with brush while chain is ru 'mg.“ Do npt
lubricate chains that come in contact with dust or grit as these combjfe with the

lubricants to form a cuttin; compound which shortens chain hfe. /

CHANGE OIL. On enc}losed types only, drain 11 and reﬁ.ll case to prope r/level
‘as needed or semnnnually.i

|

TROUBLESHOOTING. j Some common symptoms of i 1mproper chain drive /opera-

tion and their remedies are as follows: ; /
N 1. Excessive Noise, [Check alignment, proper chain slack and lubncauLn. Be

sure all bolts are tight. If chain or sprdckets are worn, reverse orf renew if
necessary. Frequently, additional chain life- -can be obtained by turning the

chains over.

2. Wear on Chain Sidewalls and Sides of Teeth; Remove chain and correct .
alignment, .

oo .
. 3, Chain Climb Sprockets. Check for poorly fitting sprockets,and replace if
necessary. Make ‘sure tightener is installed on drive chain.,

4. Broken Pins and Rollers. Check for chpin speed which may be too.high for
the pitch, and poorly fitting sprockets, and replace if necessary. Breakage
may also be caused by shock loads. /

5.. Chain Clings to Sprockets, Check fc;r incbrrect or worn sprockets or heavy,
tacky lubricants. Replace or reverse sprockets, or change to/proper lubricant.

6. Khain Whip. Checle~for centers that are toq long or high pulsating loads and
correct cause,

. 7.} Chain Gets Stiff, Cleck for mlaahgnment, u%\proper lubrication, or excessive
overloads. Make ne‘ceuary adjustment and cTrecnons.

8. ‘Spare‘ Links. Checkito see if spare links are c{ean, oilei and ready for use.




Variable Speed Drives

- . A variable speed drive is used so that N
. the operator can adjust the speed of the
drive shaft to.that of the rate of flow of the ,
liquid being pumped. A variable speed is J
o §m§in figure 2, |
The attention that must-be given to a 2
variabl:\pleed drive is as follows:
! 1. Check Speed-Change Mechanism.
Shift drive through entire speed
range to make sure shafts and: .,
and bearings are free and parts
slide freely on shafts.
2. Clean Disks of Disk Drive.
- ) Remove, grease, acid, and water i
from disk faces.and lubricate
bearings. Use clear solvents )
that leave no residual. Fi~are 2, V-Belt Type Variable Drive

N

: 3.4’ Check V -Belt Drive.

a. Make sure it runs level and true. If one side rides high, a disk is sticking
on shaft because of insufficient lubrication or wrong lubricant. In this case,
stop the drive at once, remowe V-belt, and clean disk hub and shaft thor-
oughly.with kerosene until disk moves {reely. Relubricate with soft ball-

~ bearing grease and replace V-belt in opposite direction from that in which
< it formerly ran. N

b. 1f drive is not operated for 30 days or more, shift unit to minimum speed
position, placing spring on variable speed shaft at minimum tension and
relieving belt of excessive pressure.

o

4, Lubricate Drive. Make sure to apply lubricant at all six (6) force-feed fittings
(figure 2, A, B, C, D, E, G, and H), and the one cup type fitting (C); use BR
o grease.

a. Once every 10 days to two weeks, use two or three strokes of grease gun
through fittings A and B at ends of shifting screw and variable-speed shaft,
respectively, to lubricate bearings of movable disks. Then shift drive from
one extreme -speed position to the other to insure thorough distribution of
| lubricant over disk hub bearings.

b. Add two or three shots of grease through fittings D and E to lubricate frame
: ' bezring on variable speed shaft.




¢. Every éO days add two or three cups full of grease to cup C. which lubri-
cates thrust bearing on constant-speed shaft. ’ ~

N

\\

d. Every 60 da‘ys use two or three strokes of grease gun through fitting G
and H tolubricate motor frame bearings, N
. \\

CAUTION; Do not use hard grease or grease containing graphite,

. \ .

’ 5. Lubricate Gear-Type Reducef. The gear reduceﬁ without oil when unit
leaves factory. Fill the gear case with the type of oil described below until
it drains out of oil plug. The reducer is provided with splash type self-
lubrication, and oil supply is replenished only when it gets low. Check oil
level every 60 days by removing oil hole Plug. For temperatur:s of -10°F

| to 40°F. use 2075 oil. For temperatures of 40°F to 1‘90°F. use 3080 oil.
Obtain manufacturer's recommendations for lower or higher teraperatures.

~

Couplings -

Couplings between driving elements of a pump or any other piece of equipment must
be kept in proper alignment or excessive breaking or wear may occur in the coupling,
the driven machinery, or the driver. Worn or broken couplings, burned-out bearings,
sprung or broken shafts and excessively worn gears aré some of the damages caused by

misalignment, To prevent the expense of replacing parts, check the alignment of all
equipment before damage occurs.

Flexible couplings (figure 3, item 1) permit easy assembly of equipment, but they
must be aligned exactly as flanged couplings if maintenance and repair are to be kept to
a minimum, Rubber- bushed types cannot function properly if the bolts cannot move in

. . 4 . . N

their bushings, Excessive bearing and motor temperatures caused by overload, notice-
able vibration, or unusual noises may all be warnings of misalignment. Realign coup-
ling, when necessary, using a straightedge and thickness gage or wedge (figure 3,
item 2) to insure satisfactory operation (level to within 0. 005 inch). Change o0il in fast
couplings (figure 3, item 3). Drain old oil and add gear oil to the proper level, Ifproper

alignment has been secured, coupling pins can be put in place using only finger pressure.
Never hammer pins into place, .

Shear Pins

Shear pins may be found in many sewage plant units. These devices prevent damage'
in case of sudden overloads. To serve their purpose, these devices must be in condition
to function when needed. Under unfavorable operating conditions, shearing surfaces of
a shear pin device may freeze together so tightly that an overload fails to break them.
Manufacturers' drawings for particular installations usually specify shear pin material
and size; if not, request the information from the manufacturer, giving the model, serial
‘number, and load conditions of unit. When necessary to determine shear pin size
quickly, select by trial the lowest strength which does not break under the unit's usual
loads. Never use a pin of greater strength than is required, a bolt, or a nail., If
necked pins are used, be sure necked-down portion is properly positioned with respect
to shearing surfaces, When a shear pin breaks, determine and remedy cause of failure
before inserting 2 new pin and putting drive into operation.

30

o~

o

Cv' N
)

\-—-j

S~




RUBBER

BUSHING

-
-
]

| =
]

HORA TSI ITEOT T S8 BAVERT LS S TVRYY

e . LT

CROSS SECTION
//‘OF"BRASS-UNED
RUBBER BUSHING

ALLIS-CHALMERS FLEXIBLE COUPLING

i 8
g
- c
0 ¢ NECESSARY CLEARANCE weie]
' OIL FILLING
£ HOLE
Soimp
EU
hdd o
1
_ _ |
SN |
ey N
...... B l

Figure 3. Couplings

C 31




To replace broken'shear pin, remove broken shear pin. Lubricate the parts if
necessary and operate motor for a short time with shear pin removed to si100th out
any corroded or rough spots un shaft and other parts. Grease shearing pin surtaces
with WB grease or OE 30- ’

Make sure an adequate supply of pins is on hand and that all are prope.ly identified.
Keep a record of proper pin size, necked diameter, longitudinal dimensions, and type .
of metal to be used.

Lubrication

Improper lubrication causes damage to wearing surfaces, increases maintenance
costs, power consumption, and service outafjes. Lubrication instructions siven in study
guide include recommended lubricants and frequencies; these are intended .is guides and
may require modification depending on the use and type of equipment and local operating
conditions.

PRECAUTIONS. Most plant equipment failures are caused by improper lubrication.
The following precantions must be observed: .

1. Never over lubricate. Excessive lubricatiun causecs antifriction bearings to
heat up and may damage grease seals; may also cause damage to windings in
electric motors.

- ¢ -

2. Do not lubricate completely enclosed inadequately guarded machinery while
it is in operation,

3. Guard against dust, grit, and abrasives getting into containers used for storing
lubricants; wipe spouts and lips clean before using containers; clean grease
guns before applying grease. Use only clean grease.

GREASE FITTINGS. Lubrication can be simplified. The number of grease guns
needed can be reduced, and the use of wrong lubricants can be prevented if :ll lubri-
cation points requiring the same grease are fitted with the same type grease gun fitting.
Each gun can then be plainly marked, according to a standard color code, for the kind
of grease ‘to be used in the gun. ‘ :

IDENTIFICATION. The product symbol and identifying color should be miarked on
all containers, and on all grease guns and oilers used with a particular grace of lubricant.
The proper markings should also be placéd near oil cups and'lubricating fittings to insure
use of correct lubricant. e

SUMMARY

By reading this study guide on the maintenance of drive equipment and accessories,
you can now realize the importance of preventive maintenance. It is your job to know
how and when to realign, oil, grease, clean and Paint operating equipment. Also, you
must know how to repair or replace parts of equipment that show signs of wear or deter-
ioration. If a piece of equipment does break down or fails to function properly, follow
the manufacturer's specifications and instructions for repairing the piece of equipment
or refer to AFM 85-13 and AFM 85-14,
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Inspection of operating equipment must be conducted at certain times and during
uperation of the equipment to insure proper running. In this way, you can detect trouble
in the equipment before it becomes serious. For example, let us take a gasoline vngine
driving some type of equipment. It is inspected and is found to have no oil pressure; so
you shut the engine down and check it over and find it is just low on oil or mayue at .
line broke causing the loss of oil pressure. At any rate, you have saved the engine irom
burning up, and with a few minor repairs it-is off and running again. ’

You also have to know what to look for when you are inspecting the equipment at
treatment plants. This study guide should have given you the basic knowledge of what
to look for when you are inspecting the drive equipment at treatment plants and how to
take care of this equipment. ‘ ‘

QUESTIONS
1. Name five things you: may find wrong with an.electric motor when you inspect it.

2. What is the minimum operating time for a gasoline engine each week ?

~

What items must be checked before starting a gasoline engine ?

j
i

What is the policy concerning multiple drive V-belts when one belt becomes frayed
and worn?

Why are chain drives that drive equipment which handle dirty or gritty material
not lubricated? . ‘

What are somz2 of the things that will happen when couplings are misaligned?

o

. i
7. What tclerance is allowed when aligning or realigning a coupling?

-

Wha. i¢ the reason for using shear pins?

ngat is used to clean belts ?

Name two reasons why it is harmful to overlubricate equipment.

-~
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MAINTENANCE OF PIPELINES, VALVES, METERS AND RECORDERS

-OBJECTIVE ' ‘ -

The purpose of this study guide is to present to you the techniques used in locating
and repairing water leaks, thawing frozen pipelines, repairing valves, maintaining
meters and recorders.
INTRODUCTION !

A water man not only has to treat water but must also insure that it reaches the
users. He is alsé responsible for the maintenance of the water distribution lines .and
controlling valves and metering devices to insure customer satisfaction and economy of
operation. ) -

The information will be presented under the following headings:

" METHODS USED IN LOCATING WATER LEAKS IN BURIED PIPELINES
LOCATING BURIED PIPELINES AND VALVES
TEMPORARY PIPELINE REPAIRS
DISINFECTING PIPELINES
METHODS USED IN THAWING FROZEN WATERLINES
"BACK SIPHONAGE
CROSS-CONNECTIONS 4
BACKFLOW ’
VALVES

PRINCIPLES OF WATER METERS

OPERATION AND MAINTENANCE OF RECORDERS

-

METHODS USED IN LOCATING WATER LEAKS IN BURIED PIPELINES
The elimination of water leaké is.an important part of any water works opératibn.
Water leaks may be caused by pipe failure due to expansion or contraction, vibra-

tion, pressure, water hammer, freezing or corrosion. They may also be caused by
using defective piping, hydgants, valves and other components in-the system.

35
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Water leaks can be located by various methods: the visible flow of water from th.
ground; hissing noises made by escaping water; flow of clear water in manholes: met: r-
ing the flow of water when increased consumption is observed: and the use of sound-
detection equipment,. o .

Most of the methods mentioned are self-explanatory with the exception of findingj/t'
water leaks with sound-detection instruments,

The sound-detection instruments provide the quickest and most reliable method for
detecting hidden leaks. These instruments vary from simple geophones (figure 1),
which work like a doctor's stethoscope. to more sensitive electronic equipment.

Figure 1. " Geophone Leak Detecting Device

The elecf:rically-opera'ted water leak detector (figure 2) consists of a microphone
on a probing rod, a.detector box, and a set of earphones, The detectors are usually
operated by dry cell batteries since they are lighter to carry than storage batteries of
equal capacity.

The location of a leak may be found by pushing the probing rod in the ground until
it contacts the buried pipé or valve and checking the intensity of the sound of the leak on
the detector. Another way is to attach the unit to successive hydrants or valves, and
compare the intensity of the sound at various points. In this way the leak may be loca-
lized to a small area where the signal is most intense.h

2

LOCATING BURIED PIPELINES AND VALVES .

The successful maintenance and operation of a water distribution system depends
on accurate. records of the location of all buried pipes, valves, and other components
that comprise the system. A lost valve or an inaccurately located pipe may seriously
delay. operations during an-emergency. Many valves. have been improperly located on
maps and records, and as a result, they have been "lost" many times. Lost valves and
everr pipelines have been discovered in the course of a location-survey. Buried valves
which have been found have sometimes been partially closed, causing inadequate water
flow. : 5
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Figure 2. Microphone on Probigg Rod Detects Leaks by Sound

Recérds and maps showing the layout of burlea pipelines and valves should be ,
evaluated per.odically and.revised as new equipment is added to the distribution system,

The sim\plest method of locating-buried pipelines-and valves is by probing the
ground with s=eel rods. However, if the pipes are buried under pavement or if they are
too deep to.reach with steel rods, more elaborate detection devices must be used.

Electrical metal detectors may be used to locate buried.pipes and vplves. These
instruments consist of a transmitter which sends.out-signals and a receiver that picks -
them up.. The-signals from the transmitter radiate. through the sending aerial in all
directions. When the signals or radio waves are intercepted by metal, they are dis-
torted causing tone difference at the earphones and a deflection of the meter. indicator.
Two operators are required when attempting to locate buried pipelines with electri- .
cal pipe locators. The two operators start from a fixed ase line, such as.a curb and
advance with'the instruments keeping the transmitter and receiver parallel at all times
(see figure 3). If the pipes are deeply buried, the distance betweén the instruments
should be grezter than for shallowly buried pipes. The location of the pipeline will be
indicated by a high reading on the meter, and an increase in tone volume (hum) in the




A}

/

earphone when the instruments are over the'pipeline, After the pipe has heen located,
_ the instrument should be moved back and forth over the pipe until the silent zone is
found. This location will be indicated by a-"low=toneor 'no-tone" in the earphories and | .
“alow.indicator reading. This indicates the exact center of the pipe. '

¢ N |
- Figuré‘ 3. Locating Water.Main and Determining its Depth Under Pavement -
{ ‘ ‘ o Va
\ . , . *
‘\ TEMPORARY PIPELINE REPAIRS g
Breaks in-water mains must be repaired as rapidly as possible to prevent unneces-
sary loss of water and to keep out-of-service periods in the affected areas to a minimum,
Complete,. ad quate plans must be made well in advance to:insure prompt repaix: Tele-~
phone numbex:{of- key personnel should be posted. ,Valves, keys and handtools should be
available,and'located in specific places when not .’mf use. Digging tools and a self- ,
priming centrifugal portable pumps should be readily available at all times. Adequate
pipe-repair materials must be kept on hand. Speed in making repairs to restore water
service to the affected areas is most important. , : -
. ‘ . , ' !
Some. of the methods used to.make temporary repairs to pipes include plugging with
wooden plugs, the application of iron cement, installation of saddle pipe clamps, and
installation of mechanical compression couplings; The particular method used to repair
/12 pipe depends on how badly it is damaged. For $mall leaks, wooden plugs may be used;
but in the case of large holes, saddle clamps may be employed. The repair may require ,'
a new section of pipe. If so, the section of pipe can be connected with mechanical
/ couplings. - A ) ' ,
38 | T
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DISINFEGTING pIP/hLINEs -

[ : . . .

During the construction, alteration, or repaix’- of water pipelines, contamination of
the interior surface can be expected. /The dirt, xfust and ‘water collected in the pipes
during transportation, storage and installation can contaminate the pipes. Therefore,
to insure a safe water supply after installation a
the lines. '

d repairs, you must clean and disipfect:
Flushing the Iin\es with treated water will ren}éve:tl}e accumulated dirt, waste water
and other ginﬁlar'subgtances from the inside of/the pipes;
harmful ni_xcroo;‘-ganisms

t but disease germs and other °
mu§t be destroyed bysterilization. ' s

When using liquid,chlorine, a gas chlorifator is used. Chlorine cylinders should.
not be connected directly to mains becausé water can enter the cylinder, cause severg - -
corrosion, and result in hazardous:leakage. Hypochlorite solution is-applied by meaSur-
ing pumps, by a gravity-feed mechanism, or by portable pipe disinfecting units.

Before applying the disinfectant, the section of the main to be sterilized mu
. thoroughly flushed with water until all dirt and mud have been removed,

syiye )
L . ‘
The disinfectqnt can.then be introdu

ced from the, chlorinator-into an auxiliary water-
line leading t. one.of the hydrants or taps. - Air is bled from the, line at the high points.
i is added as the main is slowly filled.with water. The
y fed into the system until the water diséh‘arging at the other end
ains the desired residual chlorine. A chlorineé residual of 50 p.p.m. ’
to 48-hour contact period is required. ‘ ’

+ v

;

of the section conta
for a 24-

i

After the specified contact period has

‘been_ met, the unit or s'gcﬁon is again flushed"
urgtil the chlorine residual is reduced to the chllorine residual of the local supply.

METHODS USED IN THAWING FROZEN WATERL‘;NES

In frigid or near frigid éli nates, cold temperatures present a% major problem to
water supply systems. Pipes must be insulated and heated or carried iin heated conduits
in aveas where the ground is permanently frozen

. Where seasonal : reezing is the only
problem, pipes must be buried below the depth to w & may
also be necessar

hich the frost penetrates.

y to heat stored water in cold areas. Because of a§1a§:k of pruper pro-
tection against freezing, ripes may freeze in temperate as’well as™rigid zones. When
this happens, the pipes:must be-thawed. _ . \ .

In some cases, an isolated area of’

’ !
pipe can be thawed out by bu%l({ing a fire close to
the pipeline. Steam thawing is another method used. A hose connieg:teﬁ to a boiler is
inserted through a disconnectegi fitting and gradually advanced as the steam melts the
ice. : .

[

. - ' - 1 .
Electrical thawing is quick and ,re1a§v 1

the thawing operation consists of a source

ﬁy Inexpensive. The electrical current for
of current (a direct-current generator, such
as a welding urit or a transformer connected

to an A.C. .outlet), a length of the frozen
pipe, and two insulated wires connecting the current.source and the pipe (figure 4), As
current flows through the pipe, heat is generated and the ice within t,fm\pipe begins to
« , 1

m
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Figure 4. Connection Points for Timwing Service Lines

L
- -

mel‘t‘i‘\ As the watef starts to flow, the remainder of the ice is p,rogressiively melted by
contact with the flowing water. The wires from the current source are usually connected
to nearby hydranfs, valves, or exposed points at theends of the frozen sections. °

To-thaw pipes with a welding generator, or similar direct-current source, set.the
generator to the amperage required for’ the type of pipe to be thawed and connect the
leads to the pipe. To minimize hazards, a competent electrician’or lineman should set
and connect the trdnsformers, make the connections, and assist in the thawing proce -
dures. ©

Yoo  BACK SIPHONAGE .

‘Public health standards require that'all parts of a water s?pply system bé free from
, Ssanitary defects and health hazards. Any physical connections between a watér supply of
good quality and an unsafe supply will not be permitted, nor will any connection be per-
mitted between a potable supply and a sanitary or storm sewage system, including man-
holeg, pumps, valve pits, or any other locatigg_jhat will allow unsafe or contaminated
.watet to enter the potable supply. ) 4

: " CROSS-CONNECTIONS,

Cross-connection is the physical ‘connrction of a safe supply and an unsafe or
. polluted supply. It allows liquids or chemicals of unsafe, unknown or questionable
" quality to flow directly ifito or be digcharged into:a potable supply. : .

1.

If an installation supply is to i‘ﬁterconnected with an independent supply, approval

of the major command and the mupkcipality or water company concerned must be obtained.

/ . ’

- t . ° 4
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BACK FLOW

| Blackflow is the backi

\ \' -
ng up of contaminated or polluted'water into the potable water
system,

Backflow conditions frequently/ occur because o
quent changes in later hook-ups (piping),

f improper plumbing desigr}, subse-
or carelessness of users,

. The hazard created depends on the degree of pollution An the unsafe water, the
volume of backflow that could o cur, and the frequency of conditions that could cause °
backflow, such as negative pressure in the potable system, and improper design and
‘installation of plumbing fixtures. Negative pressure results from line shutoffs owi
to main breaks and repairs, high fire flows, especially with pumpers; inadequately

.8ized or tuberculated pipe; pressure surges and water hammer., The followin‘g are
examples of backflow conditions in different Jocations: T

1. Water Treatment Plants. Flow between raw and treated water tanks; may
occur through cracﬁa dividing walls or leaking bypass.valves. )
\ \

2. Valve Pits and Hydrants, Valve pits and hydrants drained to sanitary sewers

are subject to ough sewer stoppag « Backflow.can occur through -
leaking valve stems and through drain ports of automatic valves and hydrants.

3. Swimming Pools. Direct connections of the fresh-witer inlet to the swimming
pool or the recirculating piping creates possible backflow conditions,

4. Plumbing Fixtures, If pipes supplying water closet tanks, lzvatories,’éirﬂcs,
or otﬁer‘maTﬁ'xmreq terminate below the highest level of liquid that the
fixture may hold, a danger of backflow exists. To prevent this condition, it is

necessary to provide an air gap of at least 3 times the diameter of the supply
pipe between the water level and the water supply,

The numerous conditions under w
personnel to be constantly vigiiant. Periodic surveys of the syst

.. Backflow prevention units may be used only between two
corninection is permitted between a potable and a nonpotable w

The crane backflow protection unit, shown in fi
for backflow prevention, It operates automatically by means of line pressure., The
Yreduced pressura" principle is applied in using air-gap break to atmosphere to create

a zone within the unit where the. pressure is always less than the supply pressure,

Water cannot flow from this zone of low pressure into the ljzone of highe; pressure.

gure 5, ié one of many units used

- A check valve (see figure8) is another meth
cne direction only. Fluid flow in the
of flow closes it automatically,

od usec‘I"to control the flow of water in
proper direction keeps the valve open, and reversal

-




. dig¢ is kept either fully opened or fully closed.
. When fully opened, the seating design of the valve permits the fluid to move through the

t—
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| | *  VALVES |

I

\

Valves are devices used to stop, start, or - f !
regulate flow of liquid into, throuéh or from HANOWHREEL N WHEEL Lock NuT
piping. vEssentially, a valve consists of a body
containing an opening.and a2 means ‘of closing.
the opening with/a disc or plug which can be |
tightly pressed against a seating surface or
within the opening. (See figure 6.)

The most widely used types of pipeline
valves/ are the gate, globe, and check valves.

Gaté Yalve ' T

‘ Gate valves contain a sliding disc which
moves perpendicularly to the path of fluid flow
and seats between and against two opposite seat '
fa,ces to shut off the flow. A threaded steam
and- handwheel are used to 1ift or iower the
dlsc to open or close the valve. -

. /7, Gate valves are used for services requir- : .o

/ing infrequent valve operatiOn and where {he Figure 6. Gate v;ﬂve

valve'in a straightline-with a /Jminimum restriction of flow and a ‘minimum losg;of pres-
sure at the valve.
42
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This type of valve is not suitable for a throttling operation (where the valve is kept
only partly open), since the velocity of flow against the partly opened valve disc may
cause vibration and damage to the disc and seating surfaces.

Most common maintenance required by gate valves is oiling, tightening, or replac-
ing stem or stuffing-box packing. ‘ .

To eliminate excessive friction between valve stem and packing, lubricate packing
with a few drops of graphite-bearing oil. Use GG grease on packing which requires
lubrication. Stop leakage by tightening stuffing-box nuts, forcing packing gland tightly
against packing. For repacking a valve, use instructions contained in Workbook
3ABR56330-V1-4-P1, . _—

Operate inactive gate valves to prevent sticking. Lubricate gate valves as recom-
mended by the manufacturer. Lubricate thoroughly any gearing in large gate valves.
Wash open gears with kerosene and lubricate with WB grease or 5190 oil. Clean

‘threads on rising-stem gate valves and lubricate with WB grease.

- Globe Valve \ , , -

Globe valves have a horizontal ihterior partition which shuts off the inlet from’ the
outlet except through a circular opening in the partition. Figure 7 shows the various
components in a globe valve, . *

-

The lower end of the valve stem con -
whesL tains a replaceable fiber or metallic disc,
i shaped and fitted'to close the circular hele
PACKING NUT in the horizontal partition. The volume of
GLAND flow through globe valves is roughly pro-
PACKING portional to the number of turns of the
STUFHING 30X handwheel. Surfaces of the seat and disc
e :°:,':‘".°~m No may be either flat or beveled, depending
N
30DY SEAT RING upon the type or disc.)
::uspc.o?:u:m:omi Globe valves are used for services
pisc : requiring frequent operation and applica-
LOCK WASHER - tions where the vilve is used to throttle
sooY: | and regulate flow. The seating design of

this type of valve causes a change in direc-
tion of flow through-the valve body, thereby
increasing resistance to flow at the valve.

Figure 7. Globe Valve The fluid flow through globe valves can be
closely regulatzd. To insure proper operation of globe valves the following actions
should be taken periodically. :

Operate globe valves to prevent sticking. Check valves for leakage and adjust pack-
ing nut. When no adjustment can be made, repack valve.

To prevent serious damage, repair o> replace disc and seat in globe valves when
leakage occurs by following the manufacturer's specifications. Repairs on globe valves
can frequently he made without removing them from the line. . .

o 4

-
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Check Valves

Check valves are used when it is necessary to control the flow in one direction only..
Fluid flow in the proper direction keeps the valve open and reversal of ﬂow closes it
automatically.’

For installation purposes, moet check valves are marked to indicate the inlet open-
ing or direction of flow. There are two basic types of check valves: swmg check valve

and 1ift check valve (see figure 8).

Swing Check Valve

Figure 8. Check Valves

Swing check valves contain a hinged disc which seats against a machined seat in the
tilted bridge wall opening of the valve body. The fluid enters below the disc. Line
pressure overcomes the weight of the disc and raises it, permittlng a continuous flow.
If the flow is reversed or back pressure builds up, this pressure is exerted against the
dlsc, forcing'it to Seat and stop ..he flow. >

k]

Lift check valves contain a disc which seats on 2 horizontal bridéelwall in the valve
body. The disc is raised from its seat by the pressure of the fluid flow and moves verti-
cally to open. The, disc is seated by backflow or by.gravity when there is no flow. .

For proper operation, check valves should be inspected periodically. Inspect disc
facing; if ring is scarred, dress it°with a fine file and lap with fine emery paper

wrapped around a flat, tool.

”
-

, Check pin wear on balanced disc check valve, since disc must be accurately posi~’
tioned in the seat to prevent leakage. - -

» . N

° - PR]NCIPLES OF WATER METERS .

‘Water meters and flow measuring devices measure volume and rate of flow of water.
They work on three principles: volume displacement velocity and pressure differen-

tial.

~
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Types of Water Meters

The main types of water meters are these: positive displacement, turbine or
velocity meters, compound meters, and venturi tube meters.

POSITIVE DISPLACEMENT. The positive displacement type meters use an
""oscillating pis{dht-or a "nutating-disc" measuring device that drives a,register to
"count' the nuitiber of-times the measuring chambers are filled and emptied. These
meters should be accurate within plus or minus 2% with changing flow rates. At high

flow rates, this type meter restricts the flow of water. (See figure 9.)

- .-= REGISTER D1ALS

METER GEARS

STUFFING-80X NUT

s -
A0
oo 3 e an s

. SUBMERGED
- GEAR TRAIN
o] [Bes o SCREEN
$ oy
% % iy
e . R NUTATING DISK
- l'l'
0 -3
UTLET I i - - ) SINLET
3 P
Sl AT e i~ ® - “‘-
LV N S Y - o ;

<
”

Figure 9. ‘Nutating-Disc Water Meter : .

CURRENT VELOCITY METER. The current meter or turbine type meter uses a
propeller device that depends on the velocity of the water to turn the recording
mechanism. These meters do not restrict the flow as much at high flow rates. Their
chief disadvantage is that they will not accurately measure low flow rates. (See figure

10.) . '

COMPOUND,METER. The compound meter is a combination of a postive displace~ .
ment and a velocity meter. At low flow, all the water is forced through the positive
displacement meter. When the velocity increases, a valve opens and allows most of the
water to pass through the,velocity meter. Thus; the advantages of both meters are
utilized. (See figure 11.) Co- R
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Figure 10. Current or Turbine Type Meter
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VENTURI TUBE METER. The venturi tube meter uses the principle of pressure
differential to measure flow. The pressure differential through a venturi or an orifice

in a pipe indicates the rate of flow. The volume of water is read from recorder charts.
- (Figure 12.) P

@ VENTURIMETER _ -

o
E THROAT -
MOUTH

LOW prEssurt

HIGH PRESSURE

0

- by L[L rgn,__é_,i:l “1 \\\

HIGH 2RESSORE LOW RESSURE

-

Figure 12." Venturi Meter .
o . ‘
. L]
The venturi meter has no moving parts in the stream and it does not restrict the
flow. 1t is not accurate at low flow rates. \
N " \\
Maintenance of Water Meters
Repair and maintenance of the different meters are.very similar. The common AN
failures are-due to swollen discs, scale clogged chambers, or worn measuring chamber \
and disc. A water meter should operate for5 to 10 years without trouble. ‘A meter that
loses its accuracy in a short time will usually be corrected by being cleaned and having
the clearances rechecked. Hot water will swell the hard rubber disc and stop the meter.

Cleaning must remove rust, scale and any organic materxal:— Scale-and rust may be
removed by a brief application of hydrochloric acid diluted-to 5%. Organic matter an
be removed with detergent solutions or solvents. .

LY . [
a

Testing Water Meters

The action of 2 water meter may be watched by observing the gallon indicator on the
register as water is flowing through the meter. Use a flow rate of about 5 gallons per
minute for a meter up to 1~1/2 inches. If no movement is noted, remove the register
and watch the drive gear for movement. If the drive gear does turn, the register is
faulty or the drive gears are out of mesh.

*
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A meter may be checked for accuracy by placing it in series with a fmeter known to
be accurate. This method is accurate enough for meters used for water treatment moni-
toring. For very accurate measurement, the meter should be checked by flowing a -
measured volume of water_through the meter (see figure 13). : ’ . |

*+

-
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v )

Figure 13. Testing Water\Meters

.

All meters have a primary element and a.secondary element. The primary element
is in contact with and activated by the water, while the secondary element translates the
action of the water flow on the primary element in terms of water quantity or rate of
flow. The type of primary element determines meter type.

The secondary element of a water meter is activated by the movement or the pres-
sure change of the primary element through either mechanical linkage or hydraulic,
pneumatic, or electric impulse. They are classified bglow,in accordance with the func-

\tons they perform: o )
AN 1. Indicating devices show only the momentary rate of flow, an example is a cali-
\\ brated staff gage. .

Totalizing or integraﬁné devices show total flow which has.paSSed through the
meter, as in a disc-type house service meter (see figure 9).

2.

&

3. Recording devices. show continuous rate of flow on a clock-driven chart.
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OPERATION AND MAINTENANCE OF RECORDERS

- Recording devices are used with various primary elements such as the venturi tube *-
' and the Parshall flume. . .

For example, a still well is connected with a ‘Parshall flutixe, as shown 16 figure 14.
The float in the well moves an actuating rod which changes the electric current in the
transmitter. The changes in current are reflected by the movement of a pen in the
recorder, -

- . Figure 14, Parshall Flume with Metering Device

The pen traces 2 continuous ink line on a chart which is ruled so that a direct reaa-
ing can be made of the volume flow. The chart is divided into 24 divisions and makes
one revolution in a day. - ‘ '

Daily servicing. of recorders includes: e T
s 1. Changfng'the chart. ] ‘ Py
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2. . Aligning the chart with the correct time.
. _-3.—Checking the inking pen for ink supply. ) .

+  You must be ¢areful not to damage the pen when you change charts on the recorder.
Lift the pen gently when removing a chart. If you start a new chart at 8 o'clock in the
morning, be sure that the chart is turned so that the 8 o'clock line will be directly under
the pen. Be careful not to drop the pen when replacing it on the chart. When you add
ink to the pen, be careful to put in only the amount required. Too much ink in the pen
will flood it and ruin the chart. .

Be,sure that the chart is marked with the stérting date, time, and the finish date
and time, If tfe chart has a spring drive, wind the spring; but do not wind it so tightly
that the mechanism will be damaged.

Periodic maintenance of recorders is ac.complished a;cording to manufacturer's
specification. Maintenance includes-checking pén travel, checking calibration, cleaning
all parts and lubricating all moving parts. ’

- -

SUMMARY R -

Lociﬁng water leaks quickly, to insure proper operation and service, is very
important. There are varicus methods.used to locate leaks ranging from listening for
hissing sounds to the use of sound detection instruments. All leaks should be repaired
as soon as possible, and the water systems placed back into service.

In order to operate and maintain a distribution system, accurate and up-to-date
records of all.buried pipes, valves, and other componeénts should be kept readily avail-

able, . S _—

Some of the methods used to repair leaks in water pipes include plugging with
wooden plugs, the application of iron cement, use of mechanical compression couplings
and.dnstallation of saddlejipe clamps. Theparticular method used depends on how badly .
the pipe is dimaged. The pipes have to be disinfectéd after repairs are made.

In cold climates, frozen water lines become a proolem.’ Pipes can be thawed by
huilding a fire close to the pipe, steam thawing, or electrical thawing.

Back siphontage can become a health hazard. Where the possibility of back siphon-
age could exist backflow preventers must be installed

-4 -
s

-

Leaky or inoperative valves are another problem common to the distribution systems

-Valves should always be kept in good operation for proper-control of water flow. The

most widely used types of valves are the gate, globe, and check valves.

Water may be measuted in terms of rate of flow or total volume, Units and equi~-
valents usually used are: cubic feet per second (c.f.8) is used to mezsure rate of .
streani flow; gallons per'minute (g.p. m. ) expresses pump output; million gallons per
day (mr. g.d.) expresses daily flow or rate of flow; and thousands of gallons per day is
also used in preparing reports. ‘ ' ‘

v
@ .

. e

- © 50 185

-




ks

" Due to close tolerances used in the mauufacture of water meters sticking or binding
may develop from accumulations of scale and sand or use of hot water. When frouble
develops, the meter should be cleaned and checked for accuracy. A check with another
dependable water meter is accurate enough for normal water treatment control purposes.

Recorders are sensitive instruments. Ti\ey should be handled carefully to prevent
damage. Daily servicing of recorders in¢ludes changing the chart, aligning the chart
for the correct time, and checking the ink supply. The charts are kept as a daily record

of total plant flow. -, /

>

_QUESTIONS

1, Name six causes of water leaks.

L

Name five methods used in locating water leaks. . “

3. What is required for the successful maintenance and operation of a water distribu-
tion system?

4. What is the simplest method used for locating buried pipelines and valves?

5. What items of equipmenf are kept readily available for emergency pipeline repair ?

‘6. Name four methods used for temporary pipeline repair . '

7. What is the required chlorine residual content and contact time for disinfecting
pi_gelines? .

8. Name three methods used for thawing frozen pipelines.

9. Whatisa cross~céonnection? - ,

10.. What three conditions can cause backflow.

11. Name two methods used to prevent bgckﬂow? !

12. Why can't a gate valve be used for throttling service?

13. What are the two basic types of check valves? & 7
14. What type of meter uses a nutating disc? ‘ i ‘
15. How ar.e\scglé and rust removed from wafer meters? ‘
REFERENCES ~ "i'
1. "AFM 85-13, Ma‘intenance and Operation of Water Plants and Systems. .
2. A¥M 85-14, Maintenance and'/Operation of Sewage and Industrial Waste Plants and .

Systems. -




. e
e e e T e g - (PR

. .
-

A ; o

C '
CHEMICAL FEEDERS. |

o |

OBJECTIVE

/ ;
/ The objectives o! this study guide are to increase your knowledge of the. different
types of chemical feeders and to help propare you to operate and maintain this/equip-

E-BEEy

, ? . -\ :/
INTRODUCTION . , I -

ment.

13

Water treatment usually includes the feeding of chemicals at a controlied rate |
which is in proportion to the volume of water being treated. Various types 6f chemical
feeders are available; the three main types being gas feeders, solution feeders, and
dry cliemical feeders (these terms indicate the state or condition of'the chemical when
it is added to the water). g ) ’ ‘

-

The information in this study guide will be presented under the following main -
headings: P : .

. & } N * - /
® SOLUTIQN FEEDERS/

‘®  DRY CHEMICAL FEEDERS' -

-

You are encouraged to read the more éxtensive*cé%rage of this information WhHich
- is contained in the material referenced at the end of this study guide. C

1
1

g‘;As FEEDERS. R ) -

Gas Chlorinators C : \

4

. The-chemical gas feeder which.you are most likely to operate for the Air Force is
there are three types of gas chlorinators: ‘(1) manually controlled type, where the s
equipment must be started and stépped manualiy, ‘and the rate-o feed is manually
adjusted to.tlfe rate of water flow; (2) semiautomatic type, whe the.equipment starts
and stops automatically, but must be manually adjusted to the ratélof water, flow; (3)
Ilully dutomatic type. Note, in all'three fypes, the amount of chemical dosage is sef by.
/manual adjustment. L - ’

a gas chlorinator. With respect to the method by which the discharge rate is controlled, - //

" Gas chlorinators may also be classifiedas being either direct feed or solution
feed, s |

5
)

J ) B / . . ) /
. / . *
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, DIRECT FEED CHLORINATORS. This type feeds the cchlorine gas directly into the
.water being treated. Direct feed chlorinators may be callécr!'pressure gas chlorinators"
or "direct diffusers" and are-used chiefly as emergéncy equipment on small installa-
. tions where it is not possible to obtain a water-supply- suitable for q’perating a Solution
feeder, They cannot.be used where the pressure of the water is ‘more than 20 p.s.i.
Due to the chlorine being under pressure aga g;& at all times, they are higlily suscep-
tible to leaks. Should a chlorine gas leak occur;2there will be extensive cor.rosgyn R ..
adjacent equipment and structures. & | ‘ . . ~ e -
¢ — : s o - “ :
SOLUTION FEED CHLORINATORS. There are two general types of solution feed
chlorinators: (1) the "bubbling” or "pulsating" reduced pressure type, (2)_the )
"vacuum' type. Since alil solution feed chlorinators keep the chlorine gas under a par-~
- tial vacuum, they cause fewer chlorine leaks than the pressure gas chlorinators., Note,

vacuum type solution feed chlorinators have largely replaced the pulsating type solution
feed chiorinators. Lot T | .

’

The, solution feed chlorinators are also classified by the type of diaphragm used in
controlling the chlorine feed. One type uses a water diaphragm, while the other type .
uses 2 mechanical diaphragm. The water diaphragm is always'a vacuum type, so it has
the advantage of being friction free and having a puncture-proof ‘diaphragm., -

. . R Y. N ]

PREVENTIVE MAINTENANCE: ‘In ordert for gas chlorinatqrs to operate satisfac-
torily for lengthy periods, it will be necessary for the operator to perform the following
preventive maintendhce inspections. The following inspection intervals are based on the

_recommendations of experienced engineers and operators, the equipment guides of
manufacturers, and standard text books. - . :

. . <
- . a&. - Each DAY the equipment is operated: ’
| | Y quip pe »

, . [ |

(1) Inspect for leaks. Examine chlorinator and 41 piping for chlorine or .
water leaks. All chlorine leaks are serious because they increase rapidly in size and \
cause extensive cq‘rrosion and damage. Red discoloration means sca‘;le. To locate
chlorine leaks, hold the mouth of an unstoppered ammonia-water bottle near all joints,
valves, and alor’;g[piping; any white fumes from the bottle are ammonium chloride and

* indicate a chlorine- gas-leak. ~Keep ammonia-water bottle tightly stoppered when not in

‘use to prevent loss of stringth. - ‘ '; .
) « , . . N

(2) Ope?te Chlorine Valves. Open and close all chlorine valves t$prevent
threads on the valve stems from becoming set in one position. Do ho‘t; use force in =
closing a valve. ?heck stuffing. boxes. Repair or replace faulty valves at once.-

(3) _Check Gas System. Check that all piping and parts carrying chlorine gas-,
are operating properly. See that metgring devices, pressure reducing and shut-off
valves function properly. Disagsemkble and clean where necessary, determining the
cause of the fault. Atfirst sign of weakenirig, replzce\'any faulty parts. -

(4) Check Vacuum Relief. Make sure the entire assembly operates properly |

and that the relieyr ose is not plugged. Insects, Such as*mud daubers, may plug such -
lines by building ngsts in them. . : ,
\ / e




" b., Weekly : - . o .
/
! - Thoroughly clean chlorinator cabinet, glass parts ﬂoats, metering devices,
<, "and other parts in which dirt:might interfere with operations or make equipment un-

- sightly. Clean and cover unpainted metal that might corrode with a good film of petro-
. latum or similar protective compound

// !

/ c. Monthly: . ) v
o/
; Check water system. Clean the water strainers and check pressure~reducing
, valve for proper operation. See that float valves are properly controlling water levels
N and that there is little or no leakage. . See that water flowing to waste is not excessive

: and that water levels are kept at their proper elevations. See that ejectors have their

ample capacities. If they do not, remove a d clean with muriatic acid.
'-‘ T o !

* v~ d. Quarterly: ;

Disassemble or Opérate Hard Rubber Threads, Valves, and Parts. Hard |
rubber threads or.- rts on a chlorinator freeze or stick when not operated for long
periods, causing akage when parts are disassembled. To keep the threads from
.freezing, operat:‘fll parts néeded to keep chiorinator in service. Do this more often if

»\  found necessary. {Before reassembling such parts, cover witg»grapmte

[}

: 3.  Annuallyy

(1) Overhaul. Disassemble and clean ail cfilorinator paris thoroughly Paint
chlorinatox cabinet inside and out with rust-resistant paint. Carefully examine ’each

-

Sy chlorinator part Reassemble and check for proper operation /
—~— w!
—7 (a) The only safe liquids for cleaning chlorine lines are wodd alcohol and

. carbon tetrachioride. After cleaning? allow cleaning solution to evaporate to dryness.
Ethyl alcohol or ether must NOT be used as they‘react with chlorine to form a solid
waxy substance which is very aifficult to remove. Water reacts with chlorine to form

a highly corrosive acid.

- (b) Oil or- grease react with chlorine to form a bulky,* trothy_substance
Theretore they should NOT be used as lubricants at points where they may come in

(c) Condensation fonixing on chlorine -cylinder cutside walls may corrode
scales and other equipment around the cylindex. Guard against such damage by insuring
that there is sufficient ventilation around the equipment to keep everything dry An

' e1ectric fan may sufﬁce Do not apply direct:heat to dry the cylinder.

(d) It i%ga_ngerou__g) .attempt to increase the rate:of gas withdrawal by~
heating chlorine cylinders or containers above the normal room temperature with'hot
water baths or other means. Inspect regularly to see that chlorine cylinders are not
exposed to direct 4un heat or-near stearfi or hot water lines or other sources of heat.

¥ e

(e) Use a new lead gasket each time a valve or tube is connected and when
replacing em‘bty chlorine cglinders. Use only ONE lead gaslget.

contact with chlorine. ‘,_“ v | , . — . ,&

Ay
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(2) Examine Solution Tube. Check tubing for abrasion or cracking that might
cause leaks. Inspect tubing for kinks or for mineral deposits restricting discharge,
Remove iron or manganese deposits restricting discharge, Remove iron or manganese
deposits from diffuser tube by adding ten percent solution of hexameta-phosphate or
septa-phosphate to-make-up water, at rate of one drop per minute. Tq add reagent,
attach rubber hose to the bottle containing treatment solution, and place a pinch clamp
on rubber hose. Invert bottle and adjust pinch clamp for proper feed rate. Continue
until deposit is-removed. (See figure 1.) .
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Figure 1. Rear View of Vacuum Type Gas Chlorinator

\ SOLUTION-FEEDERS: - S

\ Hypochlorinators.
\ A hypochlorinator is a good example of the chemical solution feeders, Its prihciple

Y’function is to introduce chiorine, in the form of sodium (or calcium) hypochlorite solu-
tion into the water supply. The same type unit is sometimes used to feed chemicals

55
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(usually a polyphosphate solution) for scale and corrosion control. Hypochlorinators are

usually modified positive displacement, piston or diaphragm, mechanical pumps, How-
_ ever, hydraulic displacement hypochlorinators are also used. Hypochlorinators may be
" manually controlled, semiautomatic, or fully automatic. (See figure 2,)
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Figure 2. Motor-Driven Hypochlorlnatdr with _Sg_m_igutomatic
Control )
PREVENTIVE MAINTENANCE. (For Pump Type Solution Feeders) v
a, Each DAY the equipment is operated:

’,

(1) Check Operation. Inspect sight-feed indicators to insure that solution is
being fed. : ’

(2) See that automatic controls start and stop properly.
(3) Make sure there is enough prepared solution.

(4) Check for leaks in piping joints and packing glands.

°
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-b.. Weekly:

Clean Feeder. Remove and clean glass and plastic parts of sight-feed indicator.

Remove white coating caused by hard water in the hypochlonte solution by Soaking in
five percent solution of muriatic acid. '

¢. Monthly: ¢
Clean and flush solution tank.
(1) Clean suction strainer and hose.

(2) Disassembl , inspect, and clean solution diaphragm chambers and check

valves.
(3) Clean screens and strainers on water-operated feeders.
(4) Exercise all s;hu't-o'ff velves and length-of-stroke controls.
d. Annually:

Overhaul Feeder.
(1) Replace worn parts and packing.
(2) Clean screen in water meter.

(3) Touch up and paint all metal parts.
DRY CHEMICAL FEEDERS

The amounts of dry chenucals added to water must.be carefully controlled to insure

uniform treatment. The dry chemical feeders may be either manually or automatically.

-controlled. They are accurate, and simple to operate. Those which are automatic have
been equipped with flow-measuring devices which proportion the chemical feed to the

rate of water flow.

Pry chemical feeders may be of either the volumetric (see ﬁgure 3) or the gravi-
metric loss-in-weight type (see figure 4 ).

Volumetric feeders displace a preset volume of chemical and will deliver as little
as three to four ounces per hour to treat supplies of 200,000 gallons or more daily.
Gravimetric feeders displace a definite weight of the chemical and will feed ag little as
one pound per hour. They are used to treat ‘supplies of 5 000 000 gallons (or more)
daily. Chemicals which are commonly fed in the dry condition include lime, soda-ash,
alum, and the fluoride compounds. .

P
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Figure 3. Dry Chemical Feeder Installation
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PREVENTIVE MAINTENANCE (For Loss-in-weight Type Gravimetric Feeder)

a. Each DAY the equipment is operated: , N

(1) Clean and Check. Clean feeder, feeder mechanism, and surroundings.

See that scale is sensitive to small changes in weight. Whenever feeder is completely
empty, determine tare weight, or see if scale indicates zero weight. Look for oil drips
and wiring defects. Observe general performance of feeder, changingtare weights of
scale. Probe solution tank for sediment or undissolved chemical. Clean tank.and im-
prove dissolving conditions if necessary. If chemical feeder is out of service, see that

_hopper and feed mechanism is empty and that condensation is not causing eprrosion or
deterioration. ’ .

b. Weekly: “ >

Inspect for loose bolts and defective parts. Carefully wipe clean all parts of
feeder; inspecting for and repairing loose bolts, leaks, defective parts, and the like.

¢. Quarterly:

‘Service drive mechanism and moving parts according to manufacturer's instruc-
tions. See also tables 10 through 14 and section 2 of part H PREVENTIVE MAINTE-
NANCE of AFM 85-13. ) %

d. Anncally:

Overhaul Feeder and Scale. Disassemble feeder and clean and inspect all )
parts for wear or deterioration. Clean and paint feeder inside and out where necessary. ) -
. Make necessary repairs and properly lubricate all mechanical parts. Service motors
and drive mechanisms.

'SUMMARY

Most methods of water treatment involve the additicn of some type of chemieal to
the water. "To feed these chemicals under-controlled conditions, we must utilize chemi-
cal feed pumps. The three main types of chemical feeders are gas feeders, solution
feeders and dry chemical feeders. The best way to keep the chemical feeders operating
properly is by strict adherence to the preventive maintenance schedules, as prescribed
in AFM 85-13.

<4

SUESTIQNS

1. th aire all chlorine leaks serious?

2. Why should all chlorine valves be operated daily?

3. Why should you never use oil or grease on gas chlorinator valves or fittings?

4. How are chlorine gas leaks located?

5. What is the big disadvantage of a direct feed chlorinating system?
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6. How is the ensxest way to prevent the valves on a gas chlormator from stlckmg"
7. List two chemicals commonly added by means of a solution feeder.

8. Assuming that the chemical feeders are in operating condition, how fre\quently
should they be overhauled?

9. How do you make sure that the solution is being fed by a proportional type solution
feeder? :

10. What provision is incorporated in dry chemical feeders to insure a continuous,
even flow of the chemical out of the hopper? (See figure 3.)

REFERENCE

AFM 85-13, Maintenance and Operation +f Water Plants and"Systems
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MAINTENANCE OF SEWAGE PLANT EQUIPMENT

OBJECTIVE

Upon completion of this unit of instruction, you will be able to identify
the inspection and maintenance procedures as. performed by the waste
plant operator. -

INTROD UCTION

Waste treatment equipment is designed to last for many years without
mechanical breakdown, but eventually it happens. Worn parts must be
replaced, bearings must be lubricated and inspections must be performed
to determine when maintenance is-needed. -

The general standard for maintenance of sewage plant equipment is
that they shall be in operating condition at all times. This means you
have to recognize equipment failure and know how to repair any defect as
rapidly as possible. :

- _ Subjects in this unit of instruction will cover méintenance on the
following equipment. . -

@ GRIT CHAMBERS

® COMMINUTORS, SHREDDERS AND BAR SCREENS

SEWAGE LIFT STATIONS

SEDIMENTATION TANK .

TRICKLING FILTERS

- —— . o

DIGESTER AND DIGESTER EQUIPMENT

GRIT CHAMBERS

Equipment used in grit chambers is usually made of heavy cast iron. .
This is so that the metal will not wear awdy easily. The scrapers,
buckets and shoes are used to aid in the removal of sand and gravel.

They will eventually wear down and have to be replaced.
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' When scrapers, buckets or shoes have to be replaced, the usual
method is to pull out a large steel connecting pin so that the worn piece
will drop off and a new one can be installed.

X chains are used to drive ‘equipment, the chain sprocket axle will
need lubrication. Normally, the grease found in sewage will be enough
to keep the chain sufficiently lubricated.

f/ome grit chamber equipment has zerk connections for grease guns
) and some have oil reservoirs that lubricate the bearing. If these are
- serviced regularly, the equipment will last many years.
o
/ Most grit chambers use e1ectr1ca11y-powered equipment. The
inspection and cleaning of motors are your responsibility. Since you
rmust keep the equipment operating at all times, you must oil the bearings,

-and keep trash, dirt and rags from the motor. Never wash.a motor to
clean it. Water will cause the motor to short circuit and burn out.

COMMINUTORS, SHREDDERS AND BAR SCREENS
Comminutors a~d Shredders '

Comminutors and shredders are both used to grind or break up large.
solids. In either case there are wheels or drums that turn on an axle, _
These axles have lubricating points which must be oiled at recommended

intervals, perhaps daily.

Comminutors and shredders are powered by an electric motor
(figure 1).

>

Electric motors must be inspected occasionally for overheating,
noise and lack of lubrication. The motor drive the wheel or drum to
which is attached the cutting teeth or blades. Sand and grit eventually
dull the cutters. During an inspection if the cutters are found dull, a new
or resharpened set must be installed.

!

Bar Screens. Bar screens are usually heavy cast-iron gratings
that stop large floating materjals. Maintenance is seldom required on
the screen itself; however, if the screen has a mechanical scraper, then
the gears, bearings drive chains, and electric motor require servicing.
Lubrication of these parts is simple but very important.

14
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SEWAGE LIFT STATIONS
Lift Stations '

" vélocities, The pumps must also have large openings to allow large.
solids to pass through them, - .

P

Pump Maintenance

Pumps used in a sewage lift stafion are of heavy-duty construction,
They will very seldom»'requiré maintenance; however, you will need to

Inspect them to see if rags or strings have been caught in the pump.
Normal servicing such as lubrication and tightening packing glands will

Building Maintenance
T \ -
‘ Sewage lift stations are housed in a concrete or brick building, ‘The-
walls of the building may serve to l\ildxthe incoming sewage. When the

depth of sewage reaches a certain point, the pump will automatically come )

on and pump the level down.
Maintenance on the building can actually be divided into three separ-
ate areas: ceilings and upper walls, lower walls and then the floor.

The ceiling, upper walls, windows and overhead pipes stay wet all
the time from condensation. Sewage gases create an acid condition in the i
humidity and this acid eats at the masonry in the'building, it corrodessthe
metal in’the pipes and windows, ' .

‘ Proper ventilaﬁon helps get rid of the moisture and a good paint job’
on the pipes and windqws helps protect them from rust. C

The second area of building maintenance is the cleaning of the walls
that is below the sewage level. Thick layers of grease builds up on the
walls and has to be scraped and hosed down, Accumulation of grease
creates nuisance odors and unsightliness,

. The third area of building maintenance is the ::leaning of the floor.
Grit, stones, grease and heayy materials have to be cleaned out, Thig
job is usually done manually ‘as the amount to be hauled.out is small,

v
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| SEDIMENTATION TANK

. There are many types of sedimentation tanks, however, they all
require inspections and maintenance, Some waste plants have installed —
‘new. sedimentation tanks, and maintenance can best be performed by
following the manufacturer's instructions. -

- Older plants have equipment listed in AFM 85-14. When performing
-other than very simple maintenance, a set of directions shouid be
followed. - '

To be a good maintenance man, you must know the machinery and
the names of the parts that make up 2 complete unit. .Itis not within the
scope of this céurse to teach the many small components of equipment;
therefore, you will have to follow printed directjons in much of your work.
Directions will take the form such as shown in the following paragraphs.

Inspection and Lubrication

~ Check oil level in speed reducers, oil baths and gear cases, and see
- that oil is clean and of good body. Drain a small amount of oil from-
“bottom of gear casings and oil bs\i’x{s to eliminate any accumulated water.

.

If ofl is gritty or lacks body and oiliness, change it promptly.

Lubricate countershaft bearings\with a small amount of grease -
forced through each of the fittings. (Do not overlubricate.). Excess ) 3
grease enters worm gear housing and mixzes with oil producing a heavy. T
oil that will not flow properly around ball bearings and worm gears. Too
much grease may force shaft seals out of place.

Do not lubricate bearings submerged in sewage except when- unit is
taken out of service and emptied. Before starting equipment in which
bearings have dried, lubricate with light oil. Inspect ‘bearings to see
that they are anchored securely: Grease pillow block bearings until
grease squeezes out at the ends. | 1 '

.. Small bearing points use Oilite bushings of porous bronze, which
soak up and retain d large amount of oil. These bushings do not have oil
holes as oil penetrates them readily. To lubricate, put a few drops of :
light oil in the cups to keep bushing saturated. ‘Some bushings are made ‘
of graphitized bronze and require no further lubrication. :

Rollexg(air:s are lubricated by two methods. If the chain is totally
enclosed, it.is lubricated by dinping into an ¢il bath. If the bottom of

the chain guard is open, the chain is lubricated by squirting or brushing
the lubricant on the chain, . . o
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- Chains usually deteriorate when not used for long periods. If chain
- ~is-to-be-idle long, remove it, coat it with a heavy lubricant and store it
— until needed. . (

Replace worn or damaged links promptly to prevent unnecessary
" wear on adjacent links and sprockets. ' s

Tighten chains, if loose, by removing links and/or proper positioning
of takeup shafts or drive equipment. In final tanks where takeups are not
used, place chains around sprockets and remove links until chains reach

desired tension.

Check drive cable for amount of slack and if it is excessive, correct
it by adjusting takeups at opposite end from drive unit. In general, a
cable which is slack, rather than too tight, will minimize wear on cable
and mechanism.\ On cables that are not submerged during operation,
make necessary adjustments to compensate for difference in cable ength
caused by winter a\nd summer temperature changes.

Inspect wood flights for cracks and make sure they are securely )
fastened on attachments. If bolts are loose, tighten them and peen end of .
bolt.so nuts cannot work loose. Weld stellite to steel wearing shoes when

they become worn, to prolong their usefulness.

Before starting collector equipnient on some units in extremely cold
weather, make sure that ice has not frozen chain to sprocket. If chain
has frozen to sprocket, remove guard and pry chain loose with a bar.

Fiush Sludge Line

Back~blow sludge line with compressed.air or high-pressure water.
Protect water connection against cross connection hazards. See that
sludge or foreign matter is not plugging sludge line.

Check Tanks for Sludge Overload

If sludge overload is built up, open discharge while machine is run-
’ * ning. If the overload on the motor is so great that heater coils in starter
» ' box opens the switch and stops the machine, drain the tank and sluice out

j:he sludge. ‘

CAUTIONS. When the overload alarm rings the bell or stops the

: motor, do not try to keep the equipment running. Instead, find the source

*___-of trouble and remoyve it immediately.—Do-not start the-equipment with-a

77" load of sludge in the tank. Do not tamper with the overload alarm switch
adjustments just to keep the machine operating.
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If'a foreign object drops into the tank, stop the machine and try to
remove the object, if necessary, cutting off influent to stop sludge
accumulation. If the object cannot be removed with tank filled, drain the
tank and remove the object before resuming operation, '

' TRICKLING FILTER

Lubrication procedures already given can be applied to trickling filter
equipment. Inspection and maintenance procedures for trickling filter
equipment will be discussed in the following paragraphs.

Inspection and Maintenance

Inspect spreader jets, splash plates or orifices and clean them if
necessary. Before replacing orifice cover, apply grease or Tite

Seal compound (furnished with some equipment) to threads to prevent
leakage. : : .

Some distribution arms have gates on the end of the arms which can
be opened after cleaning the orifices to flush out the distributor arms.

Adjust turnbuckles or vertical guy rods slightly when necessary
during hot weather to prevent the distributor arms from coming too close
to the bed surface. If spreader jets are used, operate them with hinged -
flap down to distribute sewage more evenly. In cold weather, adjust
.turnbuckles as required to keep arms level. In adjusting, balance all
arms exactly by measuring to a mark on filter wall. '

 Check to see that distributor arms and branches are level. If arms
and branches are dismantled from center column, replace them in their
original position because no two arms or branches are alike.

Check thé distribution of sewage over the filter bed., Inadequate -
coverage of filter media results when distribution is poor. Overdosing .
one portion of filter may cause ponding of that portion only, as it-prevents
intermittent penetration of air and deprives bacteria of the necessary
oxygen-supply:—The outer part of the distribution arm Sweeps a larger

area so make sure a proportionately greater quantity of sewage is dis~
charged by that part of the arm.’

Inspect the elbows that flush the tank wall. The function of these
small elbows in the dump gate is to control the development of filter fly
larvae by directing a stream at the tank wall. Clean the elbows and
check the flushing action. If necessary, turn elbows to direct stream at
different pOftion of wall or change their size. .
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Mercury Seal

Distributors equipped with a mercury seal have an annular mercury
well between the stationary column and the rotating section to prevent
water from getting to the support bearing. If the seal is accidentally
blown, mercury is caught in a trap below the manifold. When draining
Seal or trap, catch mercury in a glass, earthenware, enameled or steel
container.- Never use galvanized or tin container as mercury mixes with
solder, destroying the joints.

Cleaning Mercury

Wash mercury by placing in container with a tight lid. adding water
and shaking it vigorously, then pour off the water. Repeat until mercury
is clean. :

To remove any grit, place’ mercury on dampened chamois skin,
water passes through chamois and grit particles adhere to chamois when

mercury is poured off. Repeat this procedure several tiraes if necessary,

If the mercury has become badly sludged, dissolve the sludge with

. kerosene, then treat it with a 50% concentrated solution of nitric acid and
wash with a sodium bicarbonate solution to neutralize the acid, After two
or three washings in water, the mercury is ready for use.

DIGESTER AND DIGESTER EQUIPMENT

In an earlier block of instruction, the purpose and operation of
digesters were thoroughly discussed; therefore, this section will be
devoted to maintenance orly,

There are many makes and designs of digesters and it is beyond the
scope of this course to teach maintenance on every type of digester. A
study on general maintendance will enable you to adapt your knowledge to
any type of digester.

Structure Maintenance

Most digesters have a concrete exterior and it must be inspected for
cement chalking. Chalking is a powder condition usually caused by chemi-
cal attack on the concrete. To stop chalking, the concrete should be
wire-brushed or sandblasted down to hard concrete and then a coat of
paint applied.




It has been found in hot climates that light-colored paints increase
the efficiency of digesters because of the cooling effect. Dark-colored
paints cause the digester to warm up and become overactive,

All exterior metal pipes and fittings should be cleaned of rust, then

primed with a good metal primer and lastly covered with an exterior
grade of industrial paint,

The interior walls and floor of a digester will require little or no
maintenance, The interior should be inspected for stress, cracking and
breaks and repaired as required.

Metal parts on the underside of a floating cover digester should be
inspected for rust. If the digester has been in operation for any length of
time, there will be a lard-like coating on the metal parts. Do not remove
this coating as it protects the metal from corrosion, \

Cover Maintenance

Very little maintenance is required on the outside of the cover on any
type of digester. When a fall in gas production is noted, it normally
indicates a leak in the cover. Flooding the cover with water will allow
. you to locate the leak, - -

Floating covers are held in place by rollers and rails. When the tank
has béen emptied, the cover is in the down position and the rollers and
raile can be inspected for breaks and corrosion.,.

¥

Pipeline Maintenance

Exterior piping on a digester requires no special inspections, other
than prevention of corrosion. Proper painting will prevent rust problems,

Interior piping becomes lard-coated and corrosion is no problem. A
stopped-up pipe can usually be unplugged by tying into a‘high-pressure
water supply and back-flushing the pipe,

Pressure Relief Assembly Maintenance

The pressure relief aésembly and waste gas flame trap are usually
one unit mounted in the center of the top of the digester (see figure 2).

The pressure relief assembly holds a preset amour;t of gas pressure
within the digester. Maintenance on this unit includes checking it for
operation and inspecting the leather diaphragm for cracks.
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| ; Figure 2. Pressure-Relief Waste-Gas Flame Trap | . Jo
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. Maintenance of sewage treatment equipment is not an everyday.job;
however, inspection of the equipment is a constant job.

Anytime you look at the grit chamber, bar screen or commihutor;
you are observing for operation, unusual noises or anything out of the
ordinary.

Sewage treatment equipment must be kept in good operating condition
and occasionally cleaned. Exposed iron must be protected from corro-
sion, worn parts removed and replaced, tanks occasionally drained and
hosed down.

Good maintenance and regular inspections prevent sewage plants ‘
from becoming a worn-out health hazard.

QUESTIONS

1. What is the general standard fo;' sewage plant ‘I.na.intenance?
2. 'Name two methods used to remove grit from a ngit chamBer.
3. Which two units use cutting teeth in their operation? \\

4, What is most likely the cause of pump stoppage in ac lift station?

5. In a sewage lift station, where would corrosion'be most apt to occur ?

6. What material is usually found as a coating on the walls of a litk
station? i,

7. What two methods are suggested for tightenii{g .chains on sewage
"~ plant equipment ?

8. If the arms of a trickling filter are not level, what might occur to
the filter bed?

9. How can a gas-leak in the top of a digester be easily located ?

10. What flexible component within a digester pressure relief valve
needs inspection for cracks?




. REFERENCES

1. AFM 85-14, Maintenance and Operation of Sewage and Industrial
Waste Plants and Systems . :

-~ 2. TM 5-666, Sewage Treatmerit Plants and Sewer Systems at Fixed
Installations,
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PUMP MAINTENANCE

OBJECTIVES

" " The objectives of this study guide are tc acquaint you with.the types of pumps used
: in water and waste systems, to give you an idea of the pump maintenance which is
required,-andto give you a knowledge of the major parts of a centrifugal pump.

_.INTRODUCTION. 4

Pumps of different design and sizes will be required to pump watér from the source ,
to the water treatment plant. After treatment, additional pumping may be required to
force the water into the mains or into the storage reserviors. Many types of pumps are
required to operate a sewage system at maximum efficiency. .

.
s
TA
.

The information will be presented under the following headings:

® TYPES OF PUMPS AND THEIR INSPECTION & MAINTENANCE
REQUIREMENTS |

® GENERAI‘., INSPECTION ITEMS. FOR PUMPS ’

- ~

-

T—

.
o
’
’

—

~

® MAJOR PARTS & COMPONENTS OF A CENTRIFUGAL PUMP

You are encoura@ed to read and become familiar with the information which is
\\containéd in the references listed at.the end of this study guide.

~ TYPES OF PUMPS AND THEIR INSPECTION
~ AND MAINTENANCE REQUIREMENTS

Pumps ‘used in the‘watgz supply system are classified according to both design
and use, and they include five-major types. The major types are: velocity, displace-

ment, turbine, air lift, and ejecti&r.\ _ . .

Velocity Pumps T
' . \\\\\
Velocity pumps include centrifugal (vertical or horizontal), mixed flow, and axiels—
flow pumps. T

CENTRIFUGAL PUMPS. Qt;llugal‘ pump consists of a rotating impeller, an
impeller casing, and a flow receiving chamber. The impeller is a radial group of
vanes curved backward from the direction of rotation and mounted either directly on
the shaft or on a single disk (open impeller). The impeller and impeller casing are
usually enclosed by a flow receiving chamber with a volute or progressively expanding
spiral passage. In some types, the flow receiving chamber is an annular passage to
the shaft. In either type the cross-sectional area increases toward the point of dis-
charge, , Centrifugal pumps have many forms, such as single or double suction, and
single or multiple stages. A horizontal, double suction, volute punip is illustrated
in figure 1,

Q ’ . 212




Figure 1. Horizontal Split-Case Double-Suction Volute Centrifugal Pump

. Centrifugal pumps are the most commonly used type of pump in water systems
because they are well adapted to electric drives and a wide variety of operating con-
ditions. For reliable operation, suction head shotld not. exceed 15 feet. Multiple
stage centrifugal pumps are used where high discharge pressures are required.

Operating Precautions. By observing these precautions, you will eliminate many
of the commonly encountered problems with centrifugal pumps. _

(1) -Fillf;:entfifuga.l*pumps*with“wai:er‘before‘ Starting'them. This procedure, ~ -
known as priming, lubric'ates close-fitting sealing rings and packing, and insures that
the pump is free of air or air bubbles, -

(2) Make certain that suction piping is airtight.
(35 To operate at design capacity, keep speed of rotation and total head as close to
design figures as possible, When.total-head.is less_than.that.for which.the pump is
designed, thé\pgmp motor may overload and overheat.

MIXED FLOW RUMPS, Mixed flow pumps are similar to centrifugal pumps, with
the exception that the tmpeller discharges water in a patch inclined on the axis of the -
shaft. The flow receivti%g\chamber is either a volute passage or an expanding dis-
charge pipe similar to that of an axial flow pump (see figure 2).

Operating Precautions:, %\eang precautions are the same as for centrifugal
pumps.




- CHAMBER

Figure 2. Mixed-Flow Pumps

AXIAL-FLOW PUMPS. Axial-flow
~ pumps, also known as propeller or screw
pumps, consist of a rotating impellier
resembling the propeller of a ship, a
cylindrical casing, and a slightly expand-
ing annular discharge passage, see
figure 3. Axial-flow pumps are suited
only for very low head (5 to 30 feet), high
capacity service. Their principal use is
for industrial irrigation and storm water

pumping. ) ] .

A

Displacement Pumps

Figure 3. Vertical Axial-Flow Pump
Displacement pumps may be recipro- with Screw Type Impeller
cating or rotary (each of which may be \
vertical or horizontal). Reciprocating
displacement pumps include piston, plunger,
and diaphragm pumps. Rotary displace- N
~, ment'pumps-include-the-helical-rotor-but-not—-— .~ e
the rotating types such as centrifugal and T
ax{el-flow pumps.
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RECIPROCATING PUMPS. A reciprocating well pump consists of the following
major parts: a powerhead or jack located above.ground, a pump cylinder submerged
in the well, and a drop pipe which houses the rods and supports the cylinder and foot
valves and\conduts the water to'the top of the well. The jack-which-is driven. by an
electric motor or gasoline engine through gears ox a belt imparts reciprocating motion

to the plunger. Reciprocating well pamps may have single, double, or triple stroke
operation, see figure 4. . .
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Reciprocating well pumps are normally used for small wells or moderatNepth
with capacities less than 25-g.p.m. " They are used at such locations as firing ranges,
biv0uaq areas, and other small facilities not served by the installation water sugply.
. , . ‘ ".\
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Reciprocating Pump Maintendnce. The delivery per stroke shouid ve at least
90 percent of the columetric displacement of the pump. (Area of plunger times length
of stroke). When delivery falls below 50 percent of the, voltumetric displacement,
or if water supplied:is below installation water requirements, remove pump from the
well and examine valves.and cup leathers. Note: Consult the manufacturer's

instructions for picking up foot-valve and additional maintenance procedures.

ROTARY PUMPS. A rotary pump consists of a stationary casing containing one
or more rotating elements. Figure 5 shows four of the. many types of rotary pumps, all
with the same  general principal of operation, Rotary pumps are used ir water works
for priming larger pumps and for limited special ‘applications.

DISCHARGE

; : SUCTION
SLIDING.VANE TYPE THREE-LOBE TYpe - ° 2D
C T D

Figure 5. Several Types of Rotary Pumps

§

Rotary Pump Maiptenance, The pump should be disassembled and cleaned
thoroughly on the inside and outside. If the interior of the pump is subject to rusting,
paint the interior surface with a suitable underwater paint, or other effective coating,
(Areas not subject to close tolerances only). Check all clearances according to
manufacturer's instructions; Check packing assembly and repack as needed.

PISTON TYPE PUMPS. A piston type pump has a piston which-fits tightly and
operates inside a cylinder. The pump may be direct or belt driven; single or double
acting. Pump troubles can generally be traced.to poor packing, fouled water cylinders,
worn valves, or to faulty conditicn outside the pump itself, see figure 6.
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Figure 6. Belt-Driven Self-Oiling Piston Pump, S

- Single-Cylinder, Double-Acting Type

Piston Type Pump Maintenance, Dismax'ltlt’e and ihoroughly inspect the pump.
Remove and examine all valves } valve seats » and all valvé springs, Remove all old

packing, Examine plunger or rod for scoring’qj‘ grooving. Repack and check align- ,, )
ment, Clean interior and exterior of pump. Paint interior iron with suitable under- ‘
" Wwater paint or protective coating. (Areas not subject to close tolerances only). -~

‘Turbine Pumps :

@

The turbine pump has a disk-shaped rotating impeller with many small radial
vanes near the edge. The inside of the casing is channeled around the impeller vanes
providing water passage from suction port to discharge port, see figure 7,
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Figure 7. Impller and Housing of Turbine Type Pump
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'I‘urbine pumps are used for h1gh head, low capacxty service. A common use is
for booster pumps for solution feed chlormators .

TURBINE WELL PUMPS. A turbme well pump is a sma.ll diameter, multistage
centrifugal or mixed flow pump suspended in the well. The well diameter limits .
impeller diameter. As a result, this limits the head produced in a.single stage; multi-
ple stages are provided to create the head and capacity desired. Weight of rotating
parts is usually carried by the thrust bearing in the pump head. Pump and intermedi-
at bearings may be either oil‘or water lubricated. From a sanimwpoint of view,

ater 'lubrication of. pump bea.rings in any-well is preferable. Contammated lubricating

"+ ofl-has been responsible for contammatmg well water' (see figure 8) '
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Turbine well pumps are used in deep wells of 4 inches and larger in diameter.
They may also be used as booster pumps.

v

Turbine Pump Maintenance. ‘With pump assembled, check clearance of impeller
vetween liners and check-movement of shaft endways.

RS, "A‘éj(iét“ Clearance eé]faily for both sides of the aneller. If clearance is not 0.010" -

s .
(A AR

Air Lift Pumps. .

]f both legs of the tube. When compressed air is introduced as shown in the figure, a
,mixture of aie and water is formed in one leg. The solid column of water W weighs

be elevated has no effect. The starting pressure is always greater than the working
pressure after the well pumping level is reached. If drawdown is excessive, the high
- starting pressure may require an auxiliary compressor connected in series with the

main compressor and receiver. The auxiliary compressor is.operated only during
[ _starting, ‘ - '

v

Y

"Figure 9. Principle of Alr Lift N
Alr lift pumps are useful for groups'of wells charging to ground storage and
served by a single cempressor installation. Lowe efficiency is offset by lack of
"maintenance problems; ‘especially in crooked wells and those prodicing sand. They
are particularly adapted for emergency déep wel pumping, using-a portable air com-
pressor for power. Air lift pumps cannot be used for direct pumping to a distribution

N tenq:. to make water more corrosive. -
° .

-~ .

. . . - A ) . . -
NOTE: Most/xynps of this type have an ;djustmgp_’twfpr_ce_ntexjixjg, the impeller.. . .

0.012", replace the impeéller and liners. Coat the interior of the pump with a suitable
underwater paint or protective ‘material. (Areas not subject to close tolerances only).

4 Air\lift is a method of raising water by compressed air. The principle of operation
' is shown in figurs 9. If the U-tube is filled with water, the water stands at height H in

more than the air-water column P, forcing it over the top of the U-tube. The pressure
required for pumping depends entirely on.submergence; the height to which water must

system or for horizontal.transmission of water. The added oxygen in air lifted supplies
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Afr Lift Pump Maintenance. Check‘for air contamination. Make sure that there-
. are no cross connections_in air system by which.contaminated-air-or-water-may-enter— ——
awell, Examine the water sample from the well for presence of oil which may come -

from compressed air. Examine compressor for oil pumping if oil appears in the
sample, )

Ejector Well Fumps

- 4
An ejector well pump consists:of a centrifugal type sinble impeller pump above
ground and a stitionary ejector assembly in the well, The ejector assembly is made
up of 2 nozzle within a tube which tapers down to a narrow throat opening at the top of
the nozzle (see figure 10).

Ejector well pumps are suitable for small wells within limited ranges of depth.
Because there are no moving parts in the well, they can be installed away. from or
directly over a well. - ’

e
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Figure 10. Ejector Pump Installed Away From Well
‘.{.“. . X .
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Ejector Pump. Maintenance. When the ejector, foot valve, amcr-eep are removed - J

from the well, examine all parts for corrosion. Check the size of the nozzle-and ) ~

ejector throat, If there is evidence of wear, consult the manufacturer's Anstructions

for proper diameters, Check the foot valve for leakage, and replace seat, replace valve, ™~ o
or reseat if necessary. Renew g_tra.iner if necessary, - T s \

GENERAL INSPECTION ITEMS FOR PUMPS . :

Pumping equipment normally operates with little trouble if it is properly maintained
in accordance with instructions. Pumps handling chemicals or abrasive solutions may
require more frequent inspections and preventive maintenance operations than shown,
and schedules should be modified on the basis of actual operating experience.

Listed below are general inspection-items ior pump:

1. Inspect driving equipment, electric motors, etc.
2. Check operating conditions. To maintain a pump properly, operators must
leai}:n to recognize the normal sounds and operating conditions of a properly
running pump and to investigate any-change in these sounds or operating .

conditions.

3. Check wearing or sealing rings. These rings seal discharge water frdm \7
suction water in rotating pumps, Excessive leakage seriously affects pump
efficiency. '

4. Check pump for cavitation, Cavitation generally results from improper pump L }—
design or improper use of the | pump. .Cavitation.severely pits the impeller,

. -and-can-usually-be"corfected by lowering the pump and reducing the suction L~ —_ :

lift. : .

9. Test performance of pump. Determine the pump's efficiency, using accurate
instruments and gauges. Data obtained from the tests helps in controlling opera-
ting costs and locating defects in equipment or its use. Compare the pump
test data with the manufacturer’s specifications and investigate any wide
differences.

6. Check pump packing. JPumps with rotating or reciprocating shafts require
periodic packing to prevent excessive leakage. The packing can be adjusted . 5
to reduce the leakage. * ; .

»

7. Lubricate bearings. Where oil lubricated, use the specified amount and type
of lubricants. Where water.lubricated, insure that the system is functioning .
correctly.

s

8. Adjust impellers. Check impellers for maximum efticiency setting and adjust
if necessary. o

9. Check for oil leaks. Air lift pumps -may-contaminate the well with oil from
" the compressor. )

" 10, Protect all pumps and plumbing from freezing, -

’ ! .
L ’ A
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-~ = MAJOR-PARTS-AND COMPONENTS OF A CENTRIFUGAL PUMP .

L

- The major parts of a centrifugal pump are named in the following paragraph, They
may be‘;\ seen on the cutaway pump in the clagsroom, or in figure 1 in this study guide.

\
~————— 1. 'Pumpbody
2. Pump shaft
3. Impeller-

$

4, 'P\a\,cking and lantern ring (if pump is equipped with one)

~_ 5. Pa%ung gland

| 6:~Suction and discharge nozzle

SUMMARY \ i

| T~
| Y T
" Many pumps are required in both-water and sewage plant operation. These pumps
are classifiediaccording to design and use, “Since pumps are subject to malfunction,
itis n_eéessary! to be familiar with the ‘commonly encountered types of pumps and to be
sble to perform maintenance on them. : T

QUESTIONS |
\

1. What are the five major types of pumps? s
\ i .
2. What ig the name of the rotor in a centrifugal pump? ‘ ‘ -

3. How._\xi:ay‘-i:he\xdirection of rotation be determined on a centrift;gal pump?
4. What type of pump is most frequently used in a water works system?.

5. Explain the pri;}ciple of operation of the air lift pump. .

e 6. Name the parts \gf an ejector weil‘puxilp. '

7. ‘What type of of ex\'ation is suitable for ejector well pumps?

8. Where is the joto\r and the cylinder of a reciprocating well 'pump located?

i

4 .
. 9. In which type o well is a reciprocating well pump used?

10.- -Whai-type of pump I\s arotary pump? _ -
11. What is the me of the word "cavitation"?

1

'L s

1. AFM 85-13, Mai nténai%ce«h;g Operation of Water Plants and Systems
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'WATER WELL MAINTENANCE
OBJECTIVE

.  This study guide is to acquaint you with the construction features of
water wells and the maintenance required to maintain the maximum pro-
duction from the well. ‘ -7

INTRODUGTION - // |
Any large concentration of tf60ps such as found on established bases
must have an ample supply of water. In some cases one or more water

wells must be drilled to furnish water because lakes and rivers may not
be available as a water source. -

¢

Civillan contractors normally drill the wells; however, once the con-
tractor-completes-the well, ‘the military personnel have to maintain it,

especially in overseas areas. , -

To familiarize you with water wells » we will cover the information
under the following topics: -

Methods of Drilling Wells
Construction Features of Wel
Well Maintenance ‘
Capacity of Wells

A

METHODS OF DRILLING WELLS
In most areas of the world fresh water can be obtained by digging or

drilling into the ground. Shallow holes of only a few feet in depth will pre-
duce water in some areas, while at other areas, perhaps not far away,

it-is-necessary-to drill through several hundred feet of earth and rock to

obtain a supply of water: For the purpose of this lesson, the deep source

of supply will be our interest. Shallow dug wells will not normally be used

for military water supplies due to the difficulty in maintaining the .
structural and sanitary conditions -of these wells. -~ -~ - -
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‘Ground water may occur at places where it is least expected such

as deep under the Mojave Dersert, or very shallow under the Arabian
Desert. Even more variable than ‘the locations and depths at which water
is found is its chemical, physxca.l and bacteriological characteristics.
Even when these cnaracteristics are such to render the water unfit for
drinking or other uses, they can almost always be altered sufficiently to
~ serve the purpose. However, there is one important aspect of ground

water that cannot be changed. That is, the quantity which occurs at a
particular place. Almost all ground water used for water supplies has
its origin in rain and snow. The amount of this precipitation that becomes
ground water depends on several factors. A portion of this precipitation
is taken up-by evaporatxon or is taken in by plants and trees. Another
. portion flows away in the form of surface run off. The remainder con-
tinues- downward through the soil until it strikes a layer of rock of rela-
atively impervious material. It then begins to move in the downhill
direction of the impervious layer, taking the path of least resistance.
The layer of sand, soil, gravel or broken rock through which the water
moves-is- known as the aquifer, and the top level of the water in the aquifer
is known as the water table. In order to reach this water table it is

necessary to drill wells.
/

Percussion Drills

Holes-or shafts sunk into the earth to obtain water are called wells.
The kind of well and the method by which it is sunk depends on the type
of ground and the depth of the aquifer. The earliest practical method of
drilling wells; was with a percussion drill. The process of drilling with ~
a percussion (sometimes called a cable tool) drill is accomplished by
alternately lifting and dropping a heavy bit and drill stem. The impact
of the bit breaks up the rock and loosens the material in the hole. The
locsened material, known as drill cuttings, is removed from the hole by
a bailer. The bailer consists of a large tube or bucket with a hinged
door or flap on the bottom end. When dropped.into the hole the bailer
fills with drill cuttings mixed with water and the flap or door prevents it
from emptying until it is brought to the surface.

During the process of drilhng water is added to the hole to aid the
drilling process. Also in almost all wells drilled by this method, the
well is cased from top to bottom at-the time of drilling to prev_ent caving
and as protection against contamination from surface water. This casing
is nothing more than a large steel pipe that is forced into the hole.

z

’
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to be a very efficient method.

20l

rtheless, it is still considered * -

This method of well drilling is no lon

\ ger in great use because of the
time required to drill a deep well. Neve

Rotary Drills

The rotary drilling method has almost ¢

tar ompletely replaced the per-
cussion method of well drilling due to its m

any -advantages.

picking up the material cut by the bit, .It then fiows
outside the drill pipe, carrying the cuttings to the gro

- keeping the hole clean. The drilling mud oF fli

The rotary is.much faster than a percussion type drill and has another

advantage of sealing the side walls of the shaft as it drills by forcing the

mud into the pore spaces of the shaft and prevent caving to a certain
extent. B

" CONSTRUCTION FEATURES OF WELLS

The construction features of wells >vary according to locality, terrian,

desired yield, requirement, and depth of aquifer.- Regardless of any

other features that may be used for construction
basic features that will be the same. Some of t

—1.

,—all.wells will have some

he basic features are as
follows: ~
Wells will be locate& on relatively high ground so rain water will
flow away from and not toward the well. o )
20

“__'_I,‘he.‘well.’head~or~discharge will always be above ground level to
prevent contamination fro

) m spillage or leakage and other sources
of contamination, \ ’
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) placed around the well screen. To place the-gravel, it is necessary to-

" as areservior. This increases the open face area of the aquifer, thus,

.  There will be a sanitary seal between the top of the casing and the |
. pump. -

4. Cesspools, privies, septic tanks and sewer lines will not be allowed
" within 100 feet of any well. Ve

5. Vent pipes will be extended at least 18 inches above the pump apron
and end in an elbow pointing downward with a screen covering.

'
i PR 4

Straight Cased Weils f

|
|
|
\
i
|
|
6. All wells should be housed over and locked. B '

Straight casing of wells are probably the most common type used. .
Straight casing consist of a large pipe or housing for the pump, that is
installed at'the time of drilling. ‘This casing or pipe should extend from
a minimum of 4 inches above the surface into the last impervious layer
of earth or rock overlying the aquifer. In addition to the casing, there is
also a well screen to be installed upon completion of. installation of casing.
This screen prevents large gravel and shale from entering-the pump while
in operation. The length of the screen is determined by the thickness of
the water bearing sand formation.- Well screens must be resistant to the
corrosive effects of the water; therefore, many different types of metal
are uséd. The two most common metals used are brass or stamless
steel

Gravel Packed Wells

As a further aidin keeping out fine particles, gravel is- frequently

construct a hole of larger diameter and use a double casing down the
aquifer. A space in the aquifer is then made to receive the gravel. (For
a comparison of the differences in construction features see figure No. 1).

RIS

Water from_the,.aqulferiills -the- spaces between the gravel v which acts

reducing the velocity of the water entering the well. The slowmoving
water does not erode the open face area of the aquifer and does not carry
as many fine particles in suspension. As a result, the screen and the
aquifer around it are not, clogged and the amount of water delivered by the
well does not decrease as much over a longer period of time.

.

4
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A gravel packed well is. more expensive £o construct,\b\ut in most e
cases the cost is more than off-set by increased product

ion. \\\ «

Comparigg;;,llétw.een~(-1-)~Straiglit"b”x"'i"l—l—ék”ﬁ\;;ll, and
: ~7(2) Underreamed Gravel - packed well

’ ~ -~

- WELL MAINTENANCE
ed and developed and permanent pumping
8 an integral part of a planned and dgsigned

After a well has been drill
equipment installed,- it become
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water system, whether it be municipal or military. The water, thus,
produced can be well considered the lifeblood of the municipﬂity or the
military installation.

~ Too often the wells and pumps are separated and located apart from
the water plant proper; and consequently,. are not given the care and
attention usually bestowed on the water plants themselves. The operator
or maintenance personnel of a water supply system utilizing wells and
pumps should fully acquaint themselves with the structural details of the
well or wells, casing sizes, types of screens, screen elevations, and
other pertinent data, particularly a record of the ‘pumping test prior to
acceptance of the we11 as a permanent part of the water supply system.

This record should include static water level, gallons per minute

pumped, and pumping levels, A complete pump record indicating the

type of pump installed, sizes and dimension of component parts, amount
or length of pump column air line lengths, and a performance curve of

‘the pump bowl unit should be made available to the operator or mainte-

nance personnel. This data can usually be obtained.from the contractor

" at the time the well is put into service

—————ea

This data.\is very important. It provides a basis for comparison with
daily pumping records. The importance of these records can be realized
by remembering that the only way you can see what is happening in the
bottom of the well is. by the comparison of these records or logs. A
marked discrepancy between the original test data and the current pumping
record would indicate that something is wrong.

Usually, the first indication of well problems-appears as a lowermg
of the waterntable;increasea pumping levels, decrease in production,

"muddy, sandy or salty water or unusual noxse or vibration in the pumping
" equipment.

These items can be quickly _pgtted when«carefully maintamed records
of the static level and drawdown is- correlated with capacity or pumping
rate. This helps to anticipate difficulties*in’ advance and provide data
for proper maintenance measures. The following examples prove the
value of properly maintained records:

table.

, .
1. A fallmg static level ma.y indicate gradual lowrxng of the water

] 2
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An mcreageqi drawdown .may show receding ground water level,
interference of other wells, leaky casing or delivery pipes, clogging,

scaling or corroding of well screens, or, gravel area becoming packed
with sand or silt. ' .

L]

3. Anincreased drawdown when static level is unchanged is caused by

increased. rg‘sistance to water in flow and definitely indicates screen
clogging, scaling, corroding, or-sand and silt in gravel packed area
around.screen.’ o '

This indicates the importance of keeping accurate and proper records
of perfprmance.f By being familiar with the possible causes of problems,
it is much easier to determine how to correct them. An example of this is
cleaning a clogged well screen by backwashing.

Backwashing /

4

The surgin% effect, or reversal of flow required for backwashing a

well screen and adjacent stratum, may be obtained by three backwashing
methods. . - ,

"One of these methods consists of alternately lifting water to the
surface by pumping and letting the water run back into the well through
the pump column pipe. To accomplish this effect, the pump is started; but
as soon as water is lifted to the ground surface, the pump is shut off,  —
The water then falls back into the well through the column-pipe. The
pump is started and stopped as rapidly-as-the power unit and starting
equipment will permit.—~The effect is to intermittently lower and raise
.- —the-water level in the well which produces the inflow and outflow respec-

. tively through the screen openings. ST

.

This operation should be performed-as a regular preventive measure
to eliminate the.clogging 6f wells and well screens. Generally, a well
- -that'has been surged or backwashed using this method on a regular
schedule will not have clogging problems for many.years.

Another method of backwashing is by pouring or running a large
amount of water into the well as rapidly as possible, thus, producing out-
flow through the screen opening. Inflow is then produced by bailing .

, Water out -as rapidly as possibleé. As can be seen, this is not a very

rapid means of surging as. the time required for a complete cycle will be
several minutes, plus the fact that the pump must be removed before
this surging can be performed. : :

91




% . AN
~

* Of all the many methods\ known and tried the method of using the L
pump for surging and backwashmg has proven to be the most efficient ~
and economical. Eyen with a good program for surging, ‘sometimes
this s not enough to keep the well screen from clogging.

J
Cle_anmg Well Screens. : | , l

, Well failures are often caused by a staled up screen.. When screen
cleaning is necéssa._ry', one of these follwing methods will be used.

1. INHIBITED MURIATIC ACID: Acid can be used to dissolve the crust
formed on well screens. A .contractor is called to do this job as
special pumping equipment is required. After the screen is cleaned,
the well must be pumped to waste until all acid re51due has vamshed~

2. DRY ICE: Cleaning screens by dry ice is simple and saie It may
or may not do a good ]ob To use this method, dry ice is broken
into fragments and dopped into the well until several polmds have
been used. The top of the well is sealed and a greaf pressure will
deve10p in the well. - This pressure will create surges WhICh some- .
times is:-violent. enough to _clean the scale from a =creen

3. SURGING AND BACKWASHING WITH EXTERNAL WATER SOURCE.: )
A well can be surged or backwashed without pulling \the pump out of '
the well and without-expert help. If bypass pump cbnneq ions or ~
~ washwater lines have not been provided for this Operatlon remove ‘
S the flap in the check valve in the discharge line to obtain full head of
. water with tank pressure. Open pump discharge lirie valve and allow
~ full head of water to rush down through the pump column and pump
into the well. If the screen is badly clogged or the well is badly .
sanded or silted, the well will quickly fill and water w111 flow from )
vent holes in the pump head.

CAUTION: Before starting wash water, be sure pump and motox2
turns freely: otherwise down rush of the water rotates the pump‘in-
the wrong direction and may unscrew the pump shafting.

In most cases cieaning of wells and well screens by one of these
methods will restore a well to the original production capacity or even
in some cases eyen more.
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Disinfection of Wells

|
|

. Wells must be disinfected when initially dug
been made to the well and submerged well pumps

y

and after repairs have

To disinfect a well, first ptimp the‘wel,l" to waste for several hours to

eliminate as much pollution as possible. Then calc ur
water in the well to determirie- amount of Chlorine disinfectant needed.

The recommended dosage of chlorine for super chlorination of a well is
150 PPM. Strong solutions may damage pump parts or the well screeri.
Pour chlorine solution directly

into the well casing after flughing operation
is completed, — :

o

//

To mix the chlorine solﬁtion thrqgghly"iv?th the well water, connect .

a hose to the pump discharge and-direct flow back into well caging. Raise
pump base to provide clearance for the hose. Pump until a strong ‘

- to determine potability before putting well back in service.

Inspection for sanitary conditions for the.
. pf a well would include the following:

prevention of .contamination

Check surface di‘\éinage. Make sure the surface earth is graded so
that all drainage flows away from the.well and pump hose. No
standing water should be allowed within 50 feet of the well.

Check area and allow no livestock within 50 feet-of-the_ yg}ll. If
necessary, fence the well site, - " L T

3. Make sure the concrete slab or apron around the well is water-tight -
and that no water can work under the apron and into the well.

o
Check the top of the well ¢
intact and water tight,

asing to be sure that the sanitary seal is -

5. Check vent screens to make sure they are not torn or clogged. 'The
vent -should end in an elbow or equivalent which points down and is
at least 12 inches above the top of the well casing and 18 inches above
the pump apron or pump house floor. Be sure that all'water used for
. bearing lubricatipn and pump priming is from a safe approved source.

\
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Be sure that well heads well casmgs, pumps, pumpmg machmery,
exposed suction pipes or valve boxes connected with an exposed

suction pipe are not located in any room or space lower than ground
level, - ' _ . .

The water sample tap must be installed in the discharge line near tha

pump, facing downward.'

pd
Make sure water for’ coohng parts of engines, air compressors,
pumps or other equipment is not returned to any part 6f the water
system .
Make sure there are not any cesspools, privies septic tanks, or

sewer lines located less than 100 feet of a well, o

Protection from Freezing,

. @
All wells must be protected from freezing in cold or arctic climate~'

Methods used to prevent freezing of wells or pumping equipment will
- vary. depending on the severness of the climate. - |

One method of preventing freezmg is. to. have contmucus operation.. .

It is a known fact that imoving water will not freeze as readily as still
water «

- -

When it is not possible to have: continuous operation, it is better to

- drain all pumps and pipes. This is a time consuring 0peration,\and
unless the equipment is going to'be out of operatfon for several days, it
isn't the most practical, but may be the only way possible to prevent

e Jreezing , ) . . L

—

For all ‘Sound' operation and protection the most practical method is

to construct heated. well ‘houses, These should be large enough to cover
the pump head and motoi- or in some cases may be large enough to
include discharge piping and other equipment. In some artic climates it
is necessary to have heated pipe lines from the well into the storage area.

" This is usually accomplished by means of heated tunnels from one building
.to the cther. . . .

s

-~

e CAPACITY OF WELLS
The capacity of a well depends on the relationship batween static

N water level active static water level and pumping level.: See figure 2.

4 . ‘
L4
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e : , ' WATER LEVEL RELATIONSHIPS .

Water levels and drawdown measurements are necessary for an
accurate determination of the capacity of a well and for operation within
safe limits. For a better understanding of static level, pumping, and other
associated terms see the definitions listed below:

‘pumping. , |
~ " 2. Pumping Level - The elevation at which water stands in a well when
.the. well is being pumped at a given rate, . o

'l. Static Water Level - The level of ground water in a well before

3. Drawdown - The difference betwéen static level and pumping}‘ level.

> . 4. Maximum Yield - This is the maximum number of gillons pér minute
that can be pumped from the well over 2 six-hour period during
which the pumping rate is maintained so the pumping leve] remains
- stationary; but any increase in pumping rate would cause the well
to run dry, ) ' : R ’

5. Desired Yield - This is the rate at which the well is ex/pected to.
produce. . ’ //

. 6. Safe Yield - This is the rate of pumping that produces a drawdown of
50 percent of the drawdown obtained when the well was built and
' - pumped at maximum yield. Operating a well within its safe yield
will prolong its productive life.. /
. . ‘ ./
95 / : -
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.7. Specific Capaclty This is the number of gallons per minute pumped
' ,per fodt of drawdown. The specific capacity is not the same for each
foot of drawdown, but is approxirately so when the drawdown is not
too great, Knowing the specific capacity of a well enables the" opera-
to to. estimate the -drawdowns that will be produced at different pamp
‘settmgs. \

Comparlson of these measurements over a period of time reveals
changes in'well characteristics and indicates when maintenance is
necessary.

Since the water level falls. gtadually when pumping is begun, the
pumping level is normally determined after an hour of continuous opera-
tion. Since wells are normally operated intermittently, measlre draw-
down whenever possible, for the static level to which the well returns
after full recovery. Determiné the normal recovery time and make
periodic checks for any change in recovery. Such changes may indicate
serious trouble.

When water is pumped from a well, a depression is produced in the
water table (see.figure 3). This depression is called the ""Zone of |

_WELL A ‘ WELL B WELL C
‘ ) -/ " D | ’ '

NORMAL WATER TABLE

WATER TABLE X
DURING PUMPING g ,

B
|

[

Figure 3. Zoné of influence of well pumping on watér table.
| 96
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influence" of the well. Zones of influence of wells close together may
overlap so that, if the wells are pumped simultaneously, they will com-
pete with. each other for the water (see figure 3). As a result each well
produces less water than if it were operating by itself. Thus, when a
water supply is taken from a group of wells, the wells being pumped at
any one time should be far enough apart so that the zones of influence do
not overlap. o .
|

/ . “ -

14

Measure Water Levels and Drawdown -
To check the water level, lower a 1/4-inch pipe (telltale) of known

length into the well to a depth known to be below the drawdown level.

Connect the surface end of the line to a.bicycle pump and connect a

pressure gauge into the line so the air pressure in the line can be read.

Make all joints airtight. With the well pump shut down, apply air pressure
through the bicycle pump until the gauge needle no longer registers any
increase in pressure. The reading of the gauge then shows the amount of
pressure that was necessary to force the standing water out of the tell-

tale. This is directly proportionial to the height of water standing in the

well above the bottom of the telltale, Multiply the pressure in p.s.i. by

2.31 to determine the height in feet. To determine the distance below

the air guage at which the water stands in the well, subtract the calcu-

lated height of water above the bottom of the telltale from the known _
length of the telltale below the well top. This is the stati¢ level. ,

Start the well pump and observe the air gauge until the reading no
longer changes, pumping in additional air to make up for any leakage.
Convert this pressure reading to feet. It is the height at which water -
stands in the well above the bottom of the-telltale during pumping.
Deduct this from the length of the air pipe below the well top to get the.
pumping level. The difference between the static level and the pumping -

level is the drawdown.(see figure 4),
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EXAMPLE:

Assuine length of (L) of a:lrline tell-
tale) is 150 feet. Assume that the - RRESSURE
pressure gauge reading (P1) before - ‘
starting the pump is 25 p.s.i. Then s ,
the pressure converted to feet (A) | wul b
is 25x 2,31 = 57.7 feet. The statiq Tl

water level (B)=L - A= 150 - 57.7= = — —
9273 feet. Assume that the gauge
reading (P2) during pumping is- 18
p.s.i. Converted to feet (C) this is

CELEITOEMINE O ETIE NG

HEAD

18 x 2.31= 41.6 feet. Then the I
pumping level (D)=L - C= 150 - | -
41.6 = 108.4 feet, , vl HE

The dl"awdown‘ is determined by any

of the following methods: PUMPING

STATIC
LEVEL
ws

1. D-B=108.4-92.3=16.1 feet

|
f .\ ] |
2, A-C=57,7-41.6= 16.1 feet o#i{:ﬁ‘“s ’ A \ ) .
i
|

. orAw BT
8. Pp1-Py=25-18="Tp.s.i.; ~K";N°’%"N . -
7x2.31=16.1feet ) ; PUNEING
Record water level and. draw- A
down correlated with capacity or b - j
pumping rate on AF Form 996, -
1354, and 1461. This helps to ‘ ¢ S
anticipate difficulties in advance
and provides data for proper mainte-
nance measures, as well as making 3 MINIMON
a permanent record for future
reference.

SUMMARY

. _Wells are relatively simple , .Figur:e4t.h Ufsingt ml une to find
structures. Proper maintenance °pth of water level.
is necessary to insure a continuous
and adequate supply of safe water. The failure or contamination of a
water supply can ‘have serious consequence for abase mission, Failure
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of wells may require water rationing or may result in temporary lack of 2‘
water for even such necessities as drinking and cooking.  Should a fire

occur during a period when water is unavailable, the results could be
disasterous. Contamination of a well can result in the rapid transmission

of water borne diseases to a large number of people. To prevent any of

these incidents, wells must be maintained in a satisfactory structural,
mechanical, and sanitary condition at all times. :

. QUESTIONS
1.  What is the purpose of the well casing?

2. ~What is the minimum distance for cesspools, privies, etc. , around
a well? .

3. What is the purpose of the telltale when computing the. water level of
a well? : _ T ‘. ‘

"4. The casing should be how deep in a well?

5. ‘Define static water level.” '

6. When the-factqrq are equal, such as amount, accessibility, betwe-
ground water and surface water, which would usually be selected for
use of a military water -supply? o

7. Define pumping level of a well,

8. When you know the static and pumping levels of a well, how can you
determine the drawdown? ‘ :

9. What is the indication of an increased drawdown when the static
- level is unchanged? ’

10. What method sheuld never be used for cleaning well screens?

11. How much chlorine should be used for super chlorination of newly |
drilled water well? - '

12. What is the best method of preventing wells from freezing in extreme '
cold weather ?

‘ ‘Qﬂw.;




13. Define safe yield of a well.
14. -Name three different types of drilled wells. /
15. What cpemical is used, fo.r cleaning stainless steel well screens.

REFERENCES

1. AFM 85:13, Maintenance and Operation of Water Plants and Systems
2.- AFM 85-23, Well Drilling Operations
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MODIFICATIONS O\ / L

'ﬁ/qjﬁ /= )7 of this publication has (have) been deleted in

-

-~ adapting this material for_inclusiox} in the "Trial Implementation of a L

Model System to Provide Military Curriculum Materials. for Use in ‘{gca’tional

and Technical Education." Deleted material involves extensive use of
military forms, procedures, systems, etc. and was not considered appropriate

for usc¢ in vocational and technical education.
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INTRODUCTION TO EXTERNAL CORROSION CONTROL
WRETECTIVE

) The purpose of this exercise is to assist-you in inspecting for corrosion and to
detzrmine preventive measures, .

.

1. Define the corrosion of metal,

2. Name the three types of corrosion that appear on iron,

v &, " - - e

b,

C.
3. What are the four requirements needed for galvanic corrosion to occur?

2,

b, ¥

[~

d. o X
4, The instructor will show you several samples of corrosion. In the spaces below,
you are tu list the types of corrosion found on the samples, ’

a.

b,

Ce

d, .

5, How coulu you have Prevented the corrosion from occurring on the metal you
listed above ?° / '

a,. . -

b,

C.

d.

DESIGNED FOR ATC COURSE USE
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| CATHODIC PROTECTION \

SBIEC{IVE

N

The purposes of this exercise is to aid you in unde‘rstanding techniques used in
cathodically protected systems,

R

1. What are the two, systems used in cathodic protection?

a,

be

i
2, Why will the large buried anode corrode instead of the protected structure ?

L4 A

.

’Identify three items that can be protected by cathodic protection,
CAUTION: Do not attempt to measure the AC.voltage of a wall plug or lab table
outle
5, Using the multimetey measure the voltage on a cathodically protected pipeline.

v olfage read 1\ volts,

' 4. Using a multimeter, measure the voltage of a flashlight battery and record it,
|
|
\
|
\
\
\
|
|
|
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OBIECTIVE

The purpose of, this exercise is to aid you in the inspection and maintenance of

~

< R ST A - g e P EEE—— - .
. .
. -
. .
A . .
ARYE-
4 & - -
N b B
.

WB 3ABR56330-VI-3:P1, S’

DRIVE EQUIPMENT AND ACCESSORIES

s

&

h t

equipment common to water and wastﬁ’

installations.

~

e,

1,

driven piece: of equipment,

Name four conditions that you wiuld observe during a daily inspection of a chain

>
\

a.

bs - ne e S - :

C. ) M
.

d. _ !

M"‘ .
2, What is the reason for performing daily inspections ?

¢

Electric Motors

3. Inspect.an‘operating electric motor,

a, Is there any unusua.‘l'noise in the motor? Yes - No . !

b, Does the shaft wobble ;)r ‘Ishake ? Ye;’ = No ’

c.. Is:the motor securely mm%nted? Yes - No N

d. Is the motor housing overl;xea.ted? ,‘Ye.s - No N

,&» Are there any sparks cém:‘;ing out of the motor? Yes - No ) "
4. Inspect after operation, | ) <//

a, Is the motor dirty wgh mud, grease, r;—; lint, or leaves and grass? Ye:/: No

b. Does the motor have an-oiling hole or grease zert? Yes - No .

c. Are the electrical wires in good condition? Yes - No R

d. Is there any exposed nakeci wire ?* Yes -,No )

1 . ‘




5.,

7.

8.

>

J—

e
A Y

. Drive Equipment and Accessories °

Inspéct a belt-driven piece of e'quipm'
~

a, Isthe belta flIt belt or V-type?

b. What is used {0 obtain the proper tension on the belt?

c. What would happen if’this belt were to loosen?

<

d., What does a belt look like when it is worn out?

S . oy
. \

3 I
\ -

Inspect a chain-driven piece of equipment. ;

a., What method is used to tighten this chgin‘? ’ . M

b.“ Is each link free to swivel or is it stiff due to corrosion?

c, Is this chain a low,” medium, or high speed chain?

d. Are there any means for lubricatin; this chain?

Remove the belt drive sa.féty cover on the hypochlorinator,.

a, How can the speed of this equipment be varied?

b. Should there be three belts or only one? - F :

*

c. What provisibn is made to keep the belt at the proper tension?

-~ L4

; / .
Inspect the coupling between the motor and the Peerless Fluidyne pump.
N .

IR J

a, What absorbs the shock of starting and pumping variations ?

N

O

b. What wrench is needed to loosen thialcoupl.ing from the shaft?

N

~ *

N
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‘

9. Inspect the speed reducing gear on the'L‘head 90° chemical feeder,

- a, What is the ratio of the reduction gear? 1 to

o ) b, What tool is needed to loosen the ‘couﬁ'ling on the motor shaft?

c

What type of wrench is needed\to loosen the coupling between the reducing

gear and pun"Lp ? °

. d, What absorbs operating shocks in these two couplings ?
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. OPERATING A GASOLINE ENGINE

OBJECTIVE , ,

‘The purpose of this exercise is to aid you in learning the correct procedures for
inspecting. and operating simall gasoline engines, : .

Preoperation Procedures . ' .

\ o

-1, Fill fuel tank, WARNING! Do not attempt to refill the fuel tank while engine is

operating, . . .
> v ~ A\
.- ~ \
- 2, Remove fuel tank filler cap and check cap verts to make sk’,u,re they are not clogged.

- This may be done by blowing-through the vents. ‘\

gi-ounded.o : | \
. } N A
4. Always use funnel to fill fu€l tank, If any fuel is spilled, wipe clean and allow
time for the fumes to evaporate before starting engine. Check complqt\evfuel
system for leaks. ) \

3. I the engine is used with a generator to produce power, nl;nake‘ sure‘the frame is

A\ z -

. * ) y\
5. Check oil, 0il should be seen in the oil filler pipe. (If low, add 20 wt oil as
required, ) \\
N 6. Make sure that the water pump inlet and outlet are properly connected to v}atj,er
supply and reservoir, '
7. Prime the water pump by removing the square piug in top of pump housing and
fill with water, ' ’
8. Visually check overall condition: fuel or oil leaks, loose nuts or fittirigs,

“ .

Starting Procedure

1, Check<o make sure fuel shutoff valve is open, Valve is located under fuel tank.
’ 2. Pull carburetor choke valve all the Way out,
3. Position grounding switch in run position. (Move it away from spark plug, )

\ ‘
4. The engine'you will operate here in school has an automatic lgovernor so no 7
throttle conkrol is necessary. |

\ - |

5. Take hold of the recoil starter rope and use a cuick steady P
engine, a ) . ) A

- l
6. After engine starts, allow engine to warm up, then push chol%e in,

8 3

|

N [
i

'

i

ull to spin and start

~— ‘ /




224

Operating Procedurs

B

X X ' . . | ~
The automatic go-ernor will take over control or . -ngin€ speed and adjust engine . -
speed to pumping cona:iions. . . )
Stopping Procedures . . ’
. l, VMove sparx plug grounding switch asainst the ::iug.
2. When engine will not be restarted for a icnc period time, the carburetor should
. g 3 . P 2
\ “e drained. This may be done with drair ** - in carburetor.
\‘\ //
\ ;
\ B
\ ! -
\ - { [
‘,‘ / -
\
i
b A
1
s
| ‘ /
/ .
4 . / N
v \'\\ / ;
R N
“‘ - —— N \\ 4w
| ' AND
: ' K s/ AN
1 i ' \
! ;
1

T & " “

e g—
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MAINTENANC™ OF PIPELINES, VALVES, METERS AND RECORDERS '
, OBJECTIVE
The purpose of these exercises is to aid you in the maintenance of water and waste !
components, B y
\ Pipelines ) :
’ i. Identify three n)%ethods used in locating a buried pipeline.
i v '
< a, . i
! b. s
, c.
/
/ 2. Explain the principle used by the lectric meter in locating water leaks.
/' /!
Cbrain 2 saddle clamp and place it on the trainer pipeline. .Cover a hole and secure
it so that there is no leakage when tested by waterline pressure,
N NOTE: Lo not use a pipe wrench during this project.
. Name twc other field methods used to repair a water leak, N
' \
a.
‘ L b. \
" \ N, ‘ -
) ! v alves N
\
> 7
! \ : Disassemble ancd reassemble a valve , \ |
i | ' o . }
J \ a. Place a ll/4-inch gate valve, stem up, in a vise, and tighten the vise just
/ \\ enougkh to hold the valve securely, Too much pressure will warp the valve
\ or crack it.
\ b. Remuve the round handle, and place the nut and.handle‘on the workber;ch.
/ ' c. Loosen and remove the top packing nut. The packing compression ring can
/ . \\ now be seern,
/ \\ d. Carefully raise the brass compression ring with a rag in the jaws.of pliers,
\
'/ \ 8 \\
/ \ .
- e N
~
\\\ \\

N\ 249




A
>

go

,‘. ‘ 1.
a,

b,

f.

ge

b,

a.

2. Place the valve back in the bin.

Meters

-
<
—
;

The lead ring packing can now be seen. If the top packing nut you removed was
-screwed down all the way, then additional lead washers can be placed in posi-
tion. If no washers are needed, gently tap the compression ring down until

it seats, using a plastic mallet or a piece of wood, §

— .
Flace the packing nut on the stem and 'tighten it snugly, Too much force will
only cause the valve stem to.bind and make it hard to turn,

Put handle on stem and snug the nut gently,

Disassemble and reassemble a watermeter.

Set the Hersey meter on the workbench.
Remove the large flange bolts.
Lift the top body off and lay it on it.s side,

You can now see the wobble plate and the small drive pin in the center of the
plate in the bottom section of the meter.

Notice the filter screen at the inlet-port.

-

Now look at the bottom of the top section. Notice the spinner. With your
finger turn the spinner and watch the dial of the meter. What happens?

Can you now determine how the meter registers the amount of water flowing
through the meter? If‘not, ask your instructor to explain it.

L@

Carefully replace the top section on the bottom section, and instaill the flange

nuts and bolts. Tighten the nuts only fmger tight as the meter will be taken
apart again very shortly.

4

Read and record the water used as shown on the dial.

The round dial will record 10 gallons afte1:‘~one complete revolution.

When 10 gallons have been used, the first movable number to the right above
will increase by one. Example: 4 will turn to 5.

How many gallons is this meter capable of mfeasuring?

Record the reading on the meter and have yo(u' instructor check your reading




Recorders ) Lo

l. Change the chart on a recorder

a.

b.

C.

Open the door and observe the components that hold the chart in place,

In the upper left correr, gently raise the lever to raise the inking pin from
the chart,

Pull out gently. on the knob located in the center of the chart.
-
Now carefully remove the chart.

Replace the chart in reversed procedure,,-

Turn the chart paper so as, the inking /pin will start its travel on the day and
hour that you perform this project,/’

2. Apply ink to the pen.

3. Do not attempt any type of repair on a recorder as this i3 done by the precision
measurement equipment laboratory on each base.

10 \
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CHEMICAL FEEDER MAINTENANCE . \
SBJECTIVE

) The purpose of this exercise is to aid you in the maintenance procedures of
, <aemical feeders.

Chemical Feeders

s. How may ieaks be detected in chlorine lines?

. <. What procedure can be used to prevent chlorine valves from sticking or becoming

set?

Wkhat material is the gasket made of that is used in connecting chlorine cylinders?

»

4. Nhy shouid a brasc valve not be used in ammonia systems ?

3.  When using a pump type solution feeder, how can you determine if solution is

~ .
being fed? .. ‘
T ' /
=T : #RCCEDURE ' - /
Zisassembly and Reassembly of a Hypochlorinator .
t. Using a small screwdriver or sharp edge tool, remove the round inspection plate /
on top of the unit . i
%
-. .aspect tte worm gear for loose play by wiggling the shaft pulley. !
’ >.  Check the top screw with a screwdriver for tightness. -
. - Cher 0il level, it should e above the bearing,
*. Iesnvuct camshaft snriag for breakage,
Rupiace ingrection piate, -
11
1o B -
y e e s 0T T -
2:":‘
J i
&) -
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12.

13,

A\

14,

Remove the e1ght screws holding the plast1c uead over the diaphragm and lift off
the head. .

. e’
Turn counterclockw1se to unscrew the diaphragm. Inspect the diaphragm for -~
holes or tears. . ,/l'
Check the swedges for ease of movement by turning the stroke control knob,
Replace the diaphragm and turn until it seats then back up until the first diaphragm
notch lines up with the screw holes. ,

3
Replace the plastic head and very gently snug the screws as overtlghtemng can
break the plastic. . . }
Now unscrew the top and bottomn poppet valve covers a’nd check th; condition of the
poppet valves, They should not be nicked, torn. or cut. They should seat easily )
and be easily removable. °
Replace thé poppets and poppet covers.
Check the motor for security of mounting and the belts for proper tension,
S’

12
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. IDENTIFICATION OF PUMPS AND PARTS \\

A

OBJECTIVE \

S

. ~ \ .
The purpose of this exercise is to aid you in the identification of various
types of pumps and pump parts. These different types of pumps and equip-
ment are used for many different purposes in water and waste treatment
" plants. ‘ : \

IDENTIFYING A CF}NTRIFUGAL PUMP \
1. What type of pump is most commonly used to pump water\?iid‘ sewage

in a sewage plant and has a rotating impeller enclosed in a spiral
volute, or casing?

.
RREY
\ Towtyd

{ .. \

. R

-

2. List principles of opei'atio; for reciprocating éludge pumps \ .

“

3. List the different types of reciprocating pumps.

4. Explain the principle of operation for a turbine well pump.

- H
{
!

List the equipment necessary and the normaluses of a sewage ejec\tor.

. ]




10.

S | }

What type of packing seal is used on water 2nd waste type centrifugal
pumps ?

How can the pumping capacity of a reciprocating pump be regulated?

. = What is the purpose of ball check valves in reciprocating pumpé?

[N

What -other name is ysed for axial flow pump ?

-

For completion of the following exercise match the Figure number
from the following pages to the description of various pumps listed
below and state the type of pump..

a. Mgi'es sewage from a i&ver level.to a higher level by means of

compressed air. Complete unit includes air compressor and
controls in one sealed unit, :

b. Two stage, with bottom suction, horizontally split case, oil or
grease lubricated bearings, renewable type packing.

14
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c. Fully enclosed impellers, shaft ¢ouplings, aligning spiders,
suction nozzle, and diffuser vanes. ’

i

d. Bottom suction, dual volute, arrainged for synchronous motor
drive on one end and standby eengine -operation on other end.

-

o

— _
Multiply stage, high capacity, high head, usually used for
transfer pumps.

3
4

v
}

Mechaniéally operated ball check principle, reciprocating action.

-
*

May be hand operated. Requires no surge chambers. Usually
used for pumping sludge or heavy liquids.

g. Has one moving part installed in a spiral casing. Low head, high
capacity, used for extremely large quantities .of liquid.

- h. Recipi'/géating, single plunger, ball check principle. Requires
surge chambers, commonly used in sewage plants for sludge
transfer.




i.

!

e TN -
N . e
5 o

Hag cutting ‘mechanism and conveyor type impﬁler and is used
~—for pumping bulky type substances.

. 233

—

‘Incomplete' system,_cohsisting of dual chambers discha¥ ing into -
the same line. Low capacity ideally tested for basements.
These units prevent odors and flooding. '

\

N

Double suction, mechanical seal, side suction and discharge.

High capacity and low head. Designed for transfer service. \
0 \ . . \

Triple action, requiring surge chamber and gear- drive. \\ !
Commonly used for sludge or heavy liquids. . \

16
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IDENTIFICATION OF CENTRIFUGAL PUMP PARTS

The parts of the centrifugal pump in figure 13 below are numbered,
Write the name of each part on the blank line next to the corresponding
number of the part in the figure.

2

11

= 72‘\@
I\

G G R W N
. L3 L] L[]

\\
9
‘ 3
|
) f
} \\ .
\ 4
I
CGJ-018
7. -
8.
9.
\ 10.
11,
12.
20
2
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TEARDOWN, REASSEMBLY AND OPERATION OF
A CENTRIFUGAL PUMP / |

] - T 28%

f
!

. \\ ) / .
OBJECTIVES: The purbqse of this project is to teach you how to disassemble
a centrifugal pump, remove and replace the packing, reassemble the pump
and then connect the pump into a water source and operate it, observing /

, .

pump for proper operation. ,
i' PUMP DISASSEMBLY

3
1. The instructor will assign you a centrifugal pump.

2. Place the pump-on-th work bench.

NOTE: Do not use hammers or improper wrepches on this pump., //
/
- Removing the Impeller \

1. Remove the cap screws hblding the casing to the pump frame and re-
move the casing. ) : /:’

2. Remove the impeller lock-nut and wash 4 ' . /

3. Slide off the impeller and key.

NOTE:  Ifitis necessary it pry off the im eller; be careful to p
evenly on opposite sides where-denting or bending of the

impeller shroud will not.occur. Tightly stuck impellers
. " will require the u$e of a wheel or gear puller.

Shaft and Bearing Disassembly

1. Remove the beai'ing retaining snap rings\ from both ends of/the bear-
ing frame. The snap rings gcan be -pried out, but their removal can be ‘done
easier with a snap ring extractor, . '

2. Pull out the pump shaft with bearings attach?d from the coupling end
of the pump frame. ‘
[

NOTE: . The bearings may be cleaned and inspectéd for servicéabmt}
without removal froxP the shaft. .

21 \
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with a hook on one end.\ -

—
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N

Stuffing Box Disassembly

1. Loosen-the hex nuts.

9. Remove the gland bolts and gland. |

3. Pull out the packing rings and‘seal cage using a packing tool or a rod

-~

PUMP REASSEMBLY
Make sure all parts are tl{oroughly clean before reassembling. Take

care to keep the ball bearings absolutely clean. Do not over torgue nuts
and bolts as you may damage the equipment or strip the bolt threads.

Shaft and Bearings Reassembly

1. Replace the inboard bearing cover on the impeller'end of the shaft and
bring into place against the inboard bearing.

2. Slip the deflector on the shaft next to the bearing cover, then place the
seal cage against the deflector.

3. Push the shaft assembly through the pump frame and slip on the in- '
board retaining ring before the shaft enters the stuffing box.

4, Set the inboard retaining ring into position.

| 5. Replace the outboard bearing cover and set the outboard ring into

position. o
Stuffing Bpx Reassembly

1. Cut two rings of packing (or whatever number is necessary to fill the
space below the tapped hole in the-stuffing box) so that the packing has a
small amount of clearance when it is wrapped around the shaft.

2. Use the gland to p\‘ush the packing into the\stufﬁng box, staggering the
breaks in adjacent packing rings 90 to 180 degrees apart.

j3 . Slide the seal cage into the stuffing box where it will locate in a position
0 . . ¢ .

pposite the tapped hole.




\ S

4. Continue to fill the stuffing box with packing rings, having the breaks
staggered 90 to 180 degrees apart, until there is only enough space for the
gland to be started in the bore of the stuffing box. h

5. Put the gland, gland clamps, and gland bolts in place and tighten the
hex nuts enough to compress the packing slightly then loosen the hex nuts
until the gland clears the top packing ring by one-eighth inch. N

6. Further adjustmént will be made after the pump has been started.

N

Impeller and Volute. C%.sing Reassembly
i

o

1. Slip the impeller and key onto the shaft. f

NOTE: If a shaft sleeve is used, the key must enter into the slot in the
end of the shaft sleeve.
\

ﬁ Replace the washer and lock-nut.

3. Replace the gasket using a nonhardening sealing compound such as
grease or graphite. /

4. Put the casing in place and fasten securely with cap screws.

NOTE: The pump should be thoroughly flushed t. ‘emove any foreign
material which may have accumulated during the repair and
inspection.

PUMP INSTALLATION
1. Reinstall the pump on the base plate.
2. Align the pump shaft with the motor shaft.

3. Manipulate the pump on the base plate until a check indicates that the
distance between the faces of coupling is exactly the same at any point and
a straight edge will be exactly level at all points.

4. Connect the suction pipe.to the pump.

NOTE: When the pump is located above the liquid level, a foot valve
on the end of the suction pipe will retain enough water in the
impeller when the pump is shut down to prime it when start-
ing. A gate valve should be installed in the suction line when
the liquid is located above the pump. .

23
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5. Connect the discharge pipe.

NOTE: A check valve and gate valve should be installed in the
discharge. line. :

6. Prime the pump, if the liquid level is lower than the pump, by removing
the priming plug and fill the suction line and pump.

A Replace the priming plug prior to starting the pump.

PUMP OPERATION
. e
1. Turn the pump over by hand to make sure that it is free and not binding.

9. Check the rotation frotation shown by the arrow cast on the césing) with
a quick start and stop of the pump. ,

3. Prime the pump if it has not already been done.

4. Make certain that the gate valve in the suction line is fully open and

_ that the gate valve in the discharge line is fully closed.

5. Start the motor and when it is up to full speed, slowly open the discharge
gate valve.

Packing ‘Gland Adjustment

1. Proceed slowly when tightening the packing gland. Never tighten the
gland more than necessary. " Never force the packing into a-leak proof posi-

tion.

2. Tiéhten the bolts evenly about one-sixth turn at a time, allowing an
interval for the packing to creepintoa better sealing position.

3. A/fter you have adjusted the packing gland, the instructor will inspect
your work.

24
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: HO 3ABR56330-VI-7-H1

TROUBLE SHOOTING GUIDE

PROBABLE CAUSE . REMEDY
FAILURE TO DELIVER WATER, OR SUFFICIENT WATER AND SUFFICIENT PRESSURE —l
Pump not primed. ; Reprime. ’
Pump not up ’;o speed. ’ Check for incorrect motor voltage and motor overload. ‘
Discharée head beyond pump shut-off. Alter instaliation or provide pump suitable for
higher pressurs.
—17 " Excessive suction 1ift. Roducoylu'f.: use larger suction pipe.
Incorrect direction of rotation. Reverss rotation. ’
Insufficient positive head on suction Give pump mors submergence, siibﬁty and increase ‘
for hot liquids. size of suction piping.
Footvalve too small, _Rnphcc with adequate size footvalve. '
Strainer clogged. - clelcn out.
Worn wearing ring or damaged impeller Recondition or replace worn parts.
High spot or air pocket in suction line. l:;g:.po to pump suction to eliminate loose and high
PUMP LOSES PRIME AFTER STARTING p
Excessive suction lift. Reduce 11ft: use larger, suction pipe.
N~ . " Adr leaks in suction line. Check Joinf.s s make up tight with pipe joint compound.

MOTOR OVERHKEATS

Total head is higher than rated: larger motor is required. Check with dealer to see
. if head is in the operating range of the puape

liquid handled is of higher viscos'if.y

or specific gravity than that for which Check with dealer; a larger motor is required.
. the pump was designed. .
Mechanical trouble in pump or motor. Check impeller fit, shaft straightness and ball

bearings. See if motor turns freely.

See that power supply is as required, check eleétrical
Iow vecltage or incorrect voltage. connections to motor, check to see that wiring to
motor is large enough.

PUKP VIBRATES OR IS NOISY

Impeller partially clogged. Disassemble pump and clean out impeller.
Insecure foundation. ) " Rebuild to give rigidity to pump and, motor.

Bent shaft, impeller, or worn ball Dismantle and replace worn parts.

bearings,

Misalignment between motor and’ pump Check alignment -

’ 25
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WB: 3ABR56330-VI-8-P1

-’

WATER WELL MAINTENANCE

OBJECTIVE

This exercise is designed to aid you in understanding the importance
of well maintenance requirements.

PROCEDURE

Enter the correct.answer for the following questiohs in the space
provided.

sumer's standpoint?

2. What is a well?

R
3. What 3 things should be taken into consideration when determin-
.ing the type of well to be used?

4. " Why should wells be located on relatively high ground?
. .

“

l
|
\
|
|
|
1. Why is proper maintenance of wells important from the con-
|
|
|
\
|
\
|
|
\
¢
|
\
|




5. Why is a well that is dug usually of large diameter?

6. What type of well excavation is made with a pointed screen?
., 7. . Whatisa free-flowing well called? .
8. What is meant by the term "Desired Yield?"

»

9.

What is meant by the term '"Safe Yield?"

10.

How many pounds of pressure are needed to displace one (1)
foot of water in a 1/4" pipe?

11.

Wha,t is used to clean brass or bronze well screens?

. \
i -

12.

How is surging a well accomplished?

o an

265 -




,13.  What ir meant by the term '"Well Apron?"

14. What is the minimum distance livestock must be kept from a well ?

given the following data:

Find the static level, drawdown and pumping level of a well when

Length of telltale PSI before pumping PSI after
15, 400 19 17
/ :
22 20
/
28 21
/
47 i 43
/
- 63 52
/
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. LESSON PLAN ( Pert |, Generel)
APPROVAL OF FICE AND DATE INSTRUCTOR. ’
TORTC) 1y unt e e
COURSE KUMBER COURSE TITLE . R
| 3ABR56330 Environmental Support Specialist . 1
: BLOCK NUMBER siock niree. Collection, Transportation, and Disposa
. * VI ' of lE%ol.id Waste. 00 ’ P
LESCON TITLE .
IntrodTuction to Solid Waste Processing (Day 56)
- LESSON DURATION
*LASSROOM/LARDRATORY COMPLEMENTARY . TOTAL s
2 Hrs .0 2 Hrs
I PO REFERENCE
PAGE NUMBER PAGE DATE ot PARAGRAPH
49 6 Jun 75
B $TS/CTS REFERENCE
NUMBER . .
563X0 | T 28 July 19M1 J
SUPERVISOR APPROVAL - /

SIGNATURE DATE SIGNATURE oatre /

PRECLASS PREPARATION

GRAPHIC AIDS AND

"‘fﬁ'fi:&ﬂ%‘:f" r::uu '::P.P“Jv ' CLASHF IED MATERIAL UNCLASSIFIED MATERIAL
None ~ Nome None SG VII-1 - - .
. : WB VII-1-P1 -
AFM91-11

~

CRITERION OBJECTIVES AND TEACHING STEPS

| la, Given a list of various tybeé of solid waste and three waste classifications
(garbage, debris, and rubbish), list each solid waste type under its-correct
classification. o i ‘

. (1) Purpose of solid waste processing
(2) Personnel responsible for solid waste;processing
(3) Classes of solid waste -
(4) Edible and nonedible garbage
(5) Incinerable and no:iincingrable debris and rubbish
(6) Personnel safety in solid waste procéssing

ATC o T




PRESENTATZON:

la. GCiven a list of various
types of solid waste ‘and three
vaste classifications .
(garbage, debris, and | -
, rabbish), list each \ .
solid wasté type under -
its correct classification.

(7) Purpose of solid waste
N processing i

— (a) Prevent breeding
. *  of pests

(b) Prevent creation -of
-fire hazards

(c) Prevent unsightly
appearances




3

{2) Personnel responsible for
solid waste processing

/
/

—

\ . !
(c) Rubbish . . ,




e .
..

"

‘ !
i

. !

(4) Edible and nonedible . . / . | \

garbags

(a) Edible garbage - //

L ;
1 Vegetable trissings L
- / & . )
2 Meat trimmings ;

G}:) Nonedible garbage.

|

o !

1 Coffee grounds " ’ o -

2 "7 1;. . -

2 Tea leaves ‘

3 Fish heads and fins s .




_ 4 Chicken and
“  /feathers ‘
1/" ' .

\

/o~

i

(5) Incinersble and nonincinerable
debris and n.bbiah

-

7/

/

i

B

' (a) Iricinerable debris
.k Conatrucdon wastes

2 Manure

) Gx:au cuttinga

271




“

(b) ‘Nonincinerable debris /

-
2 Street ;lmpinsﬁ \
.3 Concrete
4 Glass
(@) metseri i
L Paper
% B‘”‘f'

3 Scrap rubber

T

TRV

5




| L\.
~ i rBotﬂe. l\ ,
[ v
|
\ ]
.& Scrap metal |
f \3 :
/ |
/ ' 3 Crease
!
i 4
ﬁ _ / |
(6) Persontiel safety in solid waste
‘ I

| pessng T

¥

| (2) Collection of heavy refuse )
: ! mst be accamplished by !
. at Least two men ,
{




(b) All persomnel must be
able to perform strenuous

duties

(c) Protective clothing and ’
equipment /

1 Leather proﬁectin gloves
2 Safety toe shoes

3 Gogglea where necessary

APPLICATION:

?

1, Have students to accomplish
WB 3ABR56330-VII-1-P1

2, Check students performence




EVALUATION:

Evaluate by oral or written questions,
and/or observation of student's
performance during lesson, This

may be accomplished at any time during
lesson for increased effectiveness,

CONCLUSION (5 Min)

REMOTIVATION:

STUDY ASSIGNMENT
NONE S
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LESSON PLAN { Pert {, Gonerel)

APPROVAL OFFICE AND DAYK

COURSKE NUMBER

| SABR56330
BSLOCK NUMBER

VII

1 TCET C/17Jun’ e

INSTRUCTOR

COURSE TITLE

Environmental Support Specialist

of Soila Wwaste

~ttecktie Collection, Transportation, and Disposal
' . g?gelid%faste pol ’ wo

LESSON TITLE

4

Duties of Solid Waste Monitor (Day 56)

LESSON DURATION

CLASSRCOM/L ABORATORY COMPLEMENTARY - TOTAL
1 Hr 0 1 Hr
, ~ POI REFERENCE
PAGE NUMBER PAGK DATE PARAGRAPH
49 . 8Jun 5
$TS/CTS REFERENCE
T NUMBER DATE
563X0 28 July 1971
SUPERVISOR APPROVAL ' *
SIGNATURE DATK SIGNATURE DATE
' ¢
PRECLASS PREPARATION
ZQUIPMENT LOCATED ZQUIPMENTY GRAPHIC AIDS AND
IN LABORATORY FROM SUPPLY SLASSIFIED MATERIAL UNCL ASSIFIED MATERIAL

None

None

None

ey

SG VII-2
WB VII-2-P1
AFM 91-11

CRITERION OBJECTIVES AND TEACHING STEPS

(4). Disposal areas

(1) Discarding units
(2) Collection procedures
(3) Collection equipment i

(5) Safety, health, and nuisance precautions

From provided information, list the duties of the solid waste monitor.

FORM
AUG T2 770

ATC




A5 7

-
\
H

TN\
3 - ’.
/ BODY (50 Min)

i

PRESENTATION: |

‘e

2a. From provided information,
. list the duties of the
solid waste monitor

~

B ¢Y Discui'ding units

£

(a) Must be proper segregstion
of materials.

1 Garbage

2.Glass

3 Wood, ste.

(5) Keep sxrea sround pick up
) point clean

(c) Keep cans vashed and ciemn -




(c) Make sure correct equipweat
is being used,

(4) Disposal areas

-

u .
<
o 3 I

(a) Inéinerators

‘o
1 Unregulated deliveries
N interferes with the orderly
operation '

\

2 Schedule deliveries st
" staggered times

» 3 Delivery of materiasls to
the disposal facility is
controlled by the Civil
Engineer.

(b) Sanitary landfill

"1 Easisr o operate
and meintsin

©
-

.‘\,‘ .

" 2 All unscheduled collec~
tions should be delivered
. to landfill not inciPerator




(2) Collection procedures

“

(a) Garbage should be - .
collectnd daily . -
> except Sunday

(b) Rubbish and debris, &
max, of 2 times. per
week , -

(c) When containers are ¢
used for both garbags
- and debris, it should .
be picked up twice
weekly or as required.

(d) Pamily housing twice
weekly

-

N (3) Collection squipment

e
-

(a) An important factor in
N efficient collection is
AN the use of trucks designed
for solid waste being
~collected )

+ ¢

(t) Consideration must be
given to ssount and type
of refuse to. be collected




.
»

(c¢) Special colloct!.ou for

salable utcthh ’

() Safot.y. health and nuiuncc
pucluttons

(a) Observe safety when
handling heavy cans

! R
(b) Heslth hazaxrds .
(c) Nuisance precautions

1 Ashes and dust

2 Flies sud other insects

APPLICATION:

1. Have students to accomplish WB3ABR56330- YII-2-21
2. Check students perfocmance

[y

N .
@ ¢
Co

A0




EVALUATION:- , ' : ‘ )

4 - ot

‘ Evaluate by oral or written quastions, _
and/or observation of student's o e

performance during lesson. . This &

may be accomplished at any time during

lesson for incresses effectivensss.

. . . P

CONCLUSION (5 Min)

SUMMARY :

REMOTIVATION: ' ' ° _ e

STUDY ASSIGNMENT: .

‘ )

NONE 4

=




LESSON PLAN ( Pert |, Generel)

APPROVAL OF FICE AND DAT INSTRUCTOR
'TCETC/17Jm7_@i'&4 -
"COURSE NUMBEN COURSE TITLE

3ABR56330 Environmental Sujport Specialist-
‘BLOCK NUMBER BLOCK TITLE sportation. and Disposal
VI ' SPNST s f Fansportation, po
LESSON TITLE . '
{ Solid Waste Collection Planning and Procedures 8 56 and 57) /
’ LESSON DURATION L /
CLASSROOM/L ASORATORY COMPLENENTARY ToTAL
6 Hrs . 0 . 6 Hrs
- POI REF ERENCE
PAGE NUMBER ' PAGE DATE PARAGRAPH
50 6 Jun 75
STS/CTS REFERENCE
[TNUNBER . : DATE
563X0 ‘ 28 July 1871
) SUPERVISOR APPROVAL
SIGNATURE DATE sioNATURE - DATE

PRECLASS PREPARATION

ZQUIPMENT LOCATED EQUIPMENT R H GRAPHIC A0S AND

JE— o
“IN LABORATORY . FROM SUPPLY CLASSIFIED MATERIAL UNCLASSIFIZD MATERIAL

None . |None None = . {SG VII-3

WB VIiI-3-P1
AFM 91-11
AFR 127-101

Base Mag
FLC 9-251

FLC 20-173

CHITERION OBJECTIVES AND TEACHING STEPS

3a. Provided information from AFM 91-11, ust the factors to be consldert’d
when planning collection activities. § fmme e

(1) Qu_antity and lsinds of refuse - v
(2) Type of disposal -

3) Equipmefxt_

(4) Pick up points

(5) Routing of collection vehicles

- L
ATC o™ 770




/ LESSON PLAN (Part I, General) CONTINUATION SHEET
CRITERION OBJECTIVES AND TEACHING. STEPS (Continued) * C N -

" 3b. Using AFM §1-11 and AFR 127-101, establish a’get of safety precautions:
/] tobe observed d/ur19g coilection operations of:solid waste.

S~

(1) Personnel responsibilities ; : a
/. . . ) ) - ‘ ; |

(2)/ﬁrotec‘tive clothing

(3) Operation of equipment

3c. Using AFM 91-11 and following written instructions, determine the best
locations for solid waste pickup stations, andtypes of storage containers.

¢

(1) Solid waste pickup stations \
. /

(2) Refuse receptacles

3d. Using AFM 91-11, list the frequency of collection of garbage, rubbish, and
debris for sepdrate collections and combined collection. :
‘ (1) Separate collection . ‘ //
/ \ - Ll !

. (2) Combined collection - _ A

3e. Given a base map which shows solid waste pickup stations and location of the | |
sanitary fill, lay out the most feasible route for callecting solid waste. o 1

(1) Type of vehicles

(2) Quantity of réfuse
(3) Route selection factors . : o ' p ]z'

: ) ) -7 /

3f. \Given AFM 91-11 and a list of various types-of collecting vehicles, pickup
stations, and number of pickups per day, determine the number of personnel .
required to perform supervisory responsibilities and driver, loader, and helper -
responsibilities. ‘ o . . ‘

(1) Supervisor responsibility R .

(2) Driver responsibility . .

(3) Loader and helper responsibility S .

.
“ et

2, 5 - T frero1 1978770 106/2 4.
"

5. romM  770A 2

e AUG 72
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COURSE NO: 3ABRS6330 . BRANCH APPROVAL:
DAY 56 & 57 |  DATES

PART II:
o INTRODUCTION (10 Min)

- - ¢ ’ 3
“ CHECK -PREVIOUS DAYS STUDY ASSIGNMENT

¢ s

REVIEW: .

ATTENTION:

MOTIVATION:

RN

|

t \ )

|

| BODY' (340 Min)
)

?

PRESENTATION :

3a. Provided informat:‘.‘b‘ﬁ‘fi';m; ARM 91-11
list the factors to beé considered .

.

when planning collection activities.

(1) Quéhpity and kinds| of refuse




.

:(2) Type of disposal

(a) Sanitary fill

&

NS4
o

{b) Incineration

N

* (3) Equipment

(a) Iiypé

!

5

“ ' (3

(b) Design

<</“'"(4) " Pick up points

«
-

(a) Résponsibility A

(b) " Operation

~——

.t




(a) Starting points

(v) Distance

(c) Combined

(d) Segregated

-

- '

3b. Using APM 91-11 and AFR 127-101, ", :
establish a set of safety precautions
to be observed during collection
operations, of solid waste

.

(1) Personnel respon;ibilities - | .
(a) Supervisor
(b) Foreman
! (c) Driver

(d) Loader

R_E%




<

" (2) Protective clothing

2

(a) Aprons

(b) Steel toe shoes

(¢c) Gloves

(é) Face shields (optional?
£3) Operation of equipmenf

(a) Accident Prevention

(b) Safe Design

Ll

Repair unsafe equipment
as soon as possible

(]

Make regular safety in-
spection of all equipment




3c. Using APM 91-11 and following written
instruction, determine the best
"locations for solid waste pickup
stations, and types cf storage
containers,

~ -
c

(1) Solid waste pickup stations

(a) Pickup stations are
established by the
base civil engineer,

A

-~

(b) Refuse awaiting coliection
is a potential fire risk.

.

(¢) Traffic conditions are
another potential hazard

(d) A separate pickup station for
1 Each dining facility
2 Exchange

© 3 Club

4 Warehouse or similar =~ .
_ building

(e) Pickup station not more than .
300 ft. from source of waste




(f) One station serves three to
five barracks

(g) Family residence, usually a
separate pickup point

(h) Multi-family dwellings, one
or more large containers

per building - ' >

(i) Special provisions must be made
for waste generated by maintenance
repair, and industrial areas.

(2) Refuse receptacles

(a) Base civil erc;gin:eer
determines capacity

. . and number of containers
to be made available

(b) GCalvanized trash and
garbage cans - ) N

(c) large portable bax container




| 570

(d) Stationary compactors
(e) Paper bag refuse.container

APPLICATION: Have students to calplete
WB 3ABR56330-VII~3-P1

£

CONCLUSION DAY 56

STUDY ASSIGNMENT: ’

1, Read SG 3ABR56330-VII-4 and answer
its questlons

2. Review SG 3ABRS56330-VII-3 and its
questions ’ g

INTRODUCTION DAY 57

CHECK PREVIOUS DAYS STUDY -ASSIGNMENT ) -

OVERVIEW:




MOTIVATION:

PRESENTATION:

3d., Using AFM 91-11, list the frequency
of collection of garbage, rubbish,
and debris for separate collections
and cambined collection,

(1) _Separate collection

(a) Determined by segregation ,
requiresmmts : %

Ne”

(b) Explain segregation pro- ‘
, cedures for separate :
W collections
\4

0

(2) Combined collections

.

(a) Advantages of efficiency -
and econamy over separate
collections

(b) Reduces refuse handling
and truck trips




3e,

(¢) Permits maximm utilization
of newer collection equip=
ment such as compaction
and multiple container
trucks

(d) ,Practical where sanitary _
— £ill is used for method.-of
disposal

(e) Utilized where production
" of salvageable
or salable material is small

Given a base map which shows solid
waste pickup stations and location

of the sanitary fill, lay out the
most feasible route for collecting the
solid waste, ’

(1) Type of vehicles
(a) Loader packers
(b). Dempster Dumpsters

(¢) Front Loader-campactors




(2) Quantity of refuse

.(a) ;cmpactable
(b) Salvageable
(c¢) Recycleable
(d) 'Burnable

(3) Route selection factors

&

(a) Criterion for establishing

refuse collection routes

1 Time and direction

Exposure to motor
vehicle traffic

{13)




q £
. @ : - '
3 Shorter hauls at . -/,
maximm truck carrying ' ‘
capacity : ' .

\ Determine the effect on collection
\ Routes of dead-ends, and ohe-way - -
streets. ’ . .

[N

L4

Try to avoid pickup \
stations on streets .
: with~s§9ep grades .

o

o

Always use secondary ’ /
or less traveled roads )
vhen possible

(b) Procedures for collection
‘route operation

1 JCoilections should be 5
started from points s
farthest from disposal
area ‘ T

Any steep grades should
be covered at beginning
. of route,
N

i

13 Y




3f, Given AIM
types of ¢

stations,

3 Use proper-truck for
waste to be handled

%

91-11 and a list of various
ollecting vehicles, pickup
and number of pick ups per

day, determine’ the number of personnel

required t
sponsibili
and helper

o perform supervisory re-
ties and driver, loader,
responsibilities.

(1) Supervisor responsibility

(a)
(b)

‘.(c)

(@

Supervises collection crews
Safety of personel

Efficiency—gnd economy of
collection System

a

Makes periodic adjustments
to handle demands

(2) Driver responsibility

4

14

a

P

~ * »
S




. ‘ (a) Act as foreman to collection - . \
crew ‘

. B+ A
(b) + Safe operation of his - . ¢
vehicle - .

' - v

N . ’ A * . .
(c)- Follow correct routes
<. s \-t, "

(d) ) Keep materials segregated . .

-

. ©

(e) Report discrepancies in
segregation ptractices-
at pijgup stations

, \ N

% " (3) Loadér and helper responsibility

() Safe operating practices . .

(b) Know segregation require-~ ’
ments

(c) Notify driver of improper
segregation of waste




(d) Clean up spllled garbage '
immediately

¥ -
Ve

APPLICATION: Using map provided, lay out a

collection route, frequency of .

collection, type of collection
equipment to be used and the
number. of personnel required
to perform supervisory,
driver, loader, and helper
responsibil%ties.; ’ 3

’

- - ‘EVALUATION:

Evaluate by oral or written questions,
and/or .observation of student's

performance during lesson. This

may be accomplished at any time durlng
lesson for 1ncreased effectiveness, N

.
.
- .

o CONCLUSION (10 Min)

SUMMARY: e
mmrvﬁxo s

STUDY ASSIGNMENT =~ A

- NONE
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LESSON PLAN ( Part |, Generel)

APPROVAL OFFICE AND DATE

| TCETC/171un754

, INSTRUCT
” UCTOR
sm e ¥ N

COURSE NUMBER

3ABR56330

COURSE TITLE

Environmental Support Specialist

BLOCH NUMBER

BLOCK TITLE

Collection, Transpertation, and Disposal
of Solid Waste P ’ po

LESSON TITLE

rtation (Day 57)

Solid Waste Collection und T ranspo

LESSON DURATION

I CLASSROOM/L ANORATORY COMPLENENTA-Y TOTAL
3 Hrs 0 3 Hrs
POl REFERENCE
PAGE NUMBER PAGE DATE PARAGRASH
51 6 Jun 75 '
- ‘STS/CTS REFERENCE
"~ NUMBER DATE
563X0 28 July 1971
a SUPERVISOR APPROY AL N 3
SIGNATURE i DATE SIGNATURE \ DATE
\\ N

- F ) - I =

PRECLASS PREPARATION

¢« EQUIFMENT
FROM SUPPLY

EQUIPMENT LICATED

SRAPNIC AILS AND
IN LAQORATORY

UNCLASSIFIED MATERIAL

SG VII-4

. |WB VII-4-P1
AFM 91-11
MP 675

CLASSIFIED MATERIAL

None Nore ° None

CRITERION OBJECTIVES AND TEACHING STEPS

4a. Given AFM 91-11, list the four common types of collection eyuipment.

(1) General purpose trucks

(2) Specialized refuse collection vehicles .

- » >
Q FORM -
D - ATC AUG 72 770 . , .
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279

/ ~  LESSON PLAﬂ (Port 1, General) CONTINUATION SHEET

CRITERION OBJECTIVES AND TEACHING STEPS (Continued)

4b. Given AFM 91-11'and various problems containing one
-equipment %o accomplish the job.
(1) Characteristics of vehicles

(2) Limitations of vehicles

collection equipment.
(1) Proper utilization
(2) Operation

(3) Care of collection equipment

factors in solid waste collection and disposal procedures, seiect the best suited

or more of the known

dc. Given AFM 91-11, list the rules for proper utilization, operation, and ecare of |

ASUIPIE

o JLGPC 1972°279396/24 -
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COURSE, NO. . JABRE633~ . - .  BRANGH, APEXOY.&L. /,L_
DAY 57 et .

: PART IX .
INTRODUCTION {10 Min)

. CHECK PREVIOUS DAYS STUDY ASSTGNMENT

‘Rm:

4a, OCiven APM 91-11, list the four
common types of collection equip~
ment,

(1) General purpose trucks

303




(a) Flat bed trucks

(b) Dump trucks

-(¢) Semitrailer trucks

. _(2)_Specialized refuse collection
'Vehj cles ) - T <',= o

o

(a) Rear hopper compaction

° (b) Container hoisting/compaction
*

(c) Container hoist-and-carry

4b, Given APM 91-~11 and various problems:
containing one or more of the known
factors in solid wasté collection
and disposal procedure, select the
equipment best suited to accomplish
the jObo ’




\
1) Characteristics of vehicles-

Refer to AFM 91-11 pages 2-4
then 2-5

X
- (2) ZLimitations of vehicles.
Refer to AFM 91-11 page 3-3

4c. Given AFM 91-11, list the rules for
proper utilization, operation, and care of
collection equipment. :

o

(1) Proper utilisation

() General purpose trucks
(b) Specialized collection vehicles
(2) Operation

(a) Specific Practices

(b) General practices




(3) Care of collection equipment ' i}
‘ (a) Operator's inspection
(b) Cleaning of equipment

APPLICATION: } o o

---Accamplish WB- VII=4-1 o B

EVALUATION: ' . \

Nt

Evaluate by oral, written questions,

and/or. observation of student's

‘performance during lesson, This : \
may be accomplished at any time during \
lesson for increased effectiveness.

_ . ____ _CONCLUSION (10 Min)

Cover main points of lesson




REMOCTIVATION:

STUDY ASSIGNMENT:

" Read SG 3AER563307V]1-5 ‘ ' .




LESSON PLAN { Pert |, General)

APPROVAL OFFICE AND DATE INSTRUCTOR

TCETC/113unTs/ 3k

COURSE NUMBER CQUASE TITLE

3ABR56330 Environmental Support Specialist

BLOCK n:;ﬁ:n sLock 1iTLe Collection, Transportation, and Disposal
of Solid Waste ~

LESSON TITLE

hods and Their Operation (Days 58 and 59)
) LESSON DURATION

- CLASSROOM/LABORATORY COMPLEMENTARY TOTAL

- 12 Hrs 0 ' 12 Hrs -
POI REFERENCE
PAGE NUMBER PAGE DATE PARAGRAPY
52 6 Jun 75 ¢ ) 5
T STS/CTS REFERENCE
NUMBER- g s -DATE- -
563X0 28 July 1971
: SUPERVISOR APPROVAL
SIGNATURE DATE SIGNATURE DATE
- R e
\\\
T PRECLASS PREPARATION
EQUIPMENT TOCATED Qu . .
N LABORATGRY-. ] FAOM SUPPLY CLASSIFIED MATERIAL uncf’L'&';f'.v'f:S':i::ﬁ AL
None |None_ None SG VI-5
. . R T WB VII-5-P1
R : AFM 91-11

T .l «  iSlides MK 1-5

-7 CRITERION OBJECTIVES AND TEACHING STEPS
______ 5a, Given AFM 91-11, list the methods and operating principles of a sanitary
laanm

(1) Types of landfills

(2) Trench method

(3) Area method

(4) Advantages and dlsadvantages of landfills. -

5b. Given AFM 91-11, list the items to observe to determine the correct utlhza-
tion of earth moving equip‘ment ‘ y

(1) Specific practices

(2) General practices

Q ATC FORM 90 . ' . ' :

AUG 72
L RIC SHE

wll Toxt Provided by ERIC




LESSON PLAN (Part |, Generel) CONTINUATION SHEEY

CRITERION OBJECTIVES AND TEACHING STEPS (Continved)

=—Given AFM91-11, list the standards and operating principles of incinerators.

(1) Standards S .

(2) Operating principles

5d. Given AFM 91-11, list the items to observe when determining the correct
utilization of incinerators.

(1) ﬁammgble materials
(2) Fire-extinguishers

(3) Guardrails

(4) Face masks
. (5) Safety valves

(6) Electrical equipment

5e. After observing the equipment and operating procedure utilized by a sanitary
landfill, name the equipment and safety precautions observed.

(1) Proper use of equipment f )
(2) Safety equipment and precautions |

[

o —  freroi 1972 779-308/24




Course NO: 3ABR56330 Branch Approval:
Days 58'& 59 ’ Date:

PART II
INTRODUCTION (10 Min)
CHECK PREVIOUS DAYS STUDY ASSTGNMENT
'REVIEW:

ATTENTION:
OVERVIEW:
MOTIVATION:
L i ~ BoDY (700 Min)

PRESENTATION: )

Sa. GCiven ARM 91-11, list the methods
and operating principles of a .
sanitary landfill.

e\ e




(1)

4(2) -

Types of landfills

(a) Trench

-]

(b) Area

Trench method i

(a) Also known as cut
?.hd cover

N
, %
(b) Trenches are excavated

below .the original ground
surface

(¢) Especially wall suited to
level terrain

'(d) Cenerally preferred over the.

- ~——area ‘*metlod.

&

(e) Method of operation

299




o | 24

1 Dig trench below
original ground
surface

(%)

Dump refuse into short “
section of trench .

3 Spfead and compact’
refuse

| “"\\f' .

¢
Cover the compacted’ .
refuse daily with 6 .
inches of soil .

&

(3) Area Method

(2)° Best applied to rolling,
urieven terrain

(b) Conditiohs under which this
- . . method can be used

3 T - T ——

1 Pit, hole or sidehill

o

wn

312 o




\g._ Flat 1a’nd
- 3 Ravines or gullies

* (¢) Method of operation .

@

1l Prepare slope of 30
_degrees if using pit,
hole, sidehill or flat
land - .

AN

2, Deposit refuse in base
of depression and thoroughly
compact if using ravines or
gully-

3 Cover daily with 6=inch
layer of dirt .

»

Final cover will be 2ft
of clean earth

>~

(4) Advantages and disadvantages--
of landfills




/
1

! -

=

(a) Adavantages

1 Can be put \into operation
. in a few days

-

v L

e

2 Over-all cost is small

L}
.

3 Does not require a large
crew for operation

Makes it practical ‘to
dispose of combined
refuse ‘

A P

~

»

Permanent means of
disposal

Converts waste land
into usable areas -

3

", (b} Disadvantages

~

1 Frozen ground. in winter

L]




Suil too loose allowing leaching
which causes pollution of ground
and surface water

“~

([

| ()

Groundvater table near
the surface

. .. ‘a 'S .
Access for Tefuse vehicles
_during inclement westher

(28

5 Sufficient dispoéal area
v ¥,

-
Nt

Away from +habited building
and dowmm v d ’

{23}

5b, Given ARMo) -11, list the items

« to-observe to determine the
correct utilization of earth
moving equipment, .

*

. (D) :Sipecific practices- for

complete instructions on the
various types of equipment,
consult manufacturer's handbook

(2) General practices

- -

.

N
1
1
~



(a) Avdid excess tractor travel

(v) G.g‘ve'rn. the depth of cutting
with a bullclam by opening .
or closing the 1lip of the bucket = -

—
——

’ - h .
(c) Raise or lower the bullclam
blade by means of the hy'dra.ullcf
control lever

- (d) When the bullclam is filled, close
the lip and float the load on top
of the ground so the load is not

~carried by the tractor

(e) Before moving or filling the
bucket of a front-end loader,
_set the shoe on or close to the
ground, Set bucket for- proper
cut,

(£) Fill bucket on front-end loader,
- roll the bucket back.all the way.
Lift shoes so the load can be
.semiskidded over the ground - =

(g) Always roll the front-end
- loader bucket all the way back
when transporting .




s \

(h) Never perform maintenance
on equipment while it is in
operation

a

5c. Given AFM 9111, list the standards
- ——and- -operating principles of incinerators

,
)

(1) Standards

(a) If built after
6 June 1966

(b) If built before
* 6 June 1966

(2) Operating principles

(a) Types of incinerators

14

1 Barrel arch

2 Charging hood

* .
.

'3 Medical

y




(b) Operating temperatures

(c) Capacity’

\l‘.‘\\\\ [ . \\\
Tl '(d) More expensive to
{ — operate than landfill
\\\\ 7

\ -

1 T

. refuse :

5d, Given AFM 91-11, list the items
to observe whén determining
the correct utilization of
incinerators, »

~

o —=(IY Flammable materials

\

\

(2) F‘L"‘q extinguishers
(3) Guirdx;a;’.ls
(4) Face masks

(5) Safety valves

. - .
B
«
s
4
, .
4 » ’ .
’ N 4 ,
, . , .
. N
2

(e) Requires segregtf{bﬁ*\of.\ ~

~ 4
J&

—

—_— 1

11




(6) Electrical .equipnent

APPLICATION:

Student will list the items to
observe vhen determining the correct
utilimation of incinerators, earth

moving equipment

Complete WB 3ABRS56330-VII~5-PL

2%

s J

CONCLUSION Day 58 -

SUMMARY : )

STUDY ASSIGNMENT

Review SG 3ABR56330-VII~5

INTRODUCTION DAY 59
CHECK PREVIOUS DAYS STUDY ASSIGNMENT

<
REVIEW:
“

OVERVIEW:

L
b
<

12




S 47

MOTIVATION:

PRESENTATION:

Se, After observing the equipment and
operating procedure utilized by
base  sanitary landfill, name the
equipment and safety precautions
observed,

. . (1) Proper use of equipment

(a) Types

(b) Personnel

(¢) Operatgion :
(2) Safety equipment and prec#utions

(a) * Directing moving equipment

(b) Safety practices durin !
operations - ’

13




APPLICATION:

Have students to name the !
equipment and safety
precautions after observing

the equipment and operating
procedures utilized by base

- sanitary landfill.

EVALUATION: B
Evaluate by oral or written

questions; and/or observation of
student's performance during

lesson. This may be accomplished

at any time during lesson for
increased effectiveness. ;

CONCLUSION (10 Min)

SUMMARY :

Cover main points of lesson and
answer student questions,

- REMOTIVATION:

Reemphasize why student needs to
remember and apply what he has learned

14‘1 | 32{_}i

N

e
B



" STUDY ASSIGNMENT:

Read the following:
SG 3ABR56330-VII-6

SG 3ABR56330-VII-7

SG 3ABR56330-VII-8

15
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LESSON PLAN ( Pert |, Genersl)

] APPROVAL OFFICE AND DATE

COURSE NUMBER

3ABR56330

INSTRUCTOR

COURSE TITLE

ILOCK NUMBER

viI

__of Solid Waste

Environmental Si.!mrf: Specialist N
swock tiree Gollection, Transportation, and Disposal

LESSON TITLE

Sanitation in Solid Waste Processing (Day 60)

\ N

LESSON DURATION

CLASSROOM/LASORATORY COMPLEMENTARY . TOTAL
1 Hr 0 4 Hr
o PO! REFERENCE -
PAGE NUMBEK PAGE DATE PARAGRAPH
68 Jun 75
$TS/CTS REFERENCE
T NUMBER DATE :
583X0 28 July 1971
SUPERVISOR APPROVAL
- SIGNATURE DATE SIGNATURE DATE

Ry

N

PRECLASS PREPARATION

GRAPHIC AIDS AND

{
A

zon:r:::;:&c::yzo r::nu:r:::v cLAssiFIED "/‘4"'“ UNCLASSIFIED MATERIAL
None None Noné SG VII-6
‘ WB VII-6- Pl
AFM 91-11

!

CRITERION OBJECTIVES AND TEACHING STEPS

(1) Sanitation'\practices for discarding units
(2) Sanitation p\ractices, for collection units

6a. Provided mformation, list the sanitation practices to be observed by all
actwmes related to the collection, transportation, "and disposal of solid wastes.

¢

(3) Sanitation items that should be coordinated with base medical services

(4) Correct procedures for oovering daily layers of compacted refuse

ror 170

ATC AUG T2

& )
O\
C:




COURSE NO: 3ABRS6330 '  BRANCH APPROVAL:

DAY 60 ' DATE:_> T8

4

CHECK PREVIOUS DAYS STUDY ASSIGNMENT

Ly
PART II

INTRODUCTION (5 Min)

MOTIVATION:

BODY (50 Min)

PRESENTATION:

6a.

Provided information, list the
sanitation practices to be:
observed by all activities
related to the collection, trans-

portation, and disposal of solid
wastes, S

(1) Sanitation practices for
discarding units




o

(a) Dlscardmg units are
required to keep recepta- °

cles, ‘stands and
}rea around containers clean \

’ ’ /’/ r*\

\

,’
.
| I
(b) |Discarding units. must
| sort and deliver refuse
to pick up stations
' .

! .

(2) Smtation practices for
collection units

"'(a). Collection crews are
., responsible for keeping
trucks and mobile contamera

clean .. ',
,/-.»r’r_si“

(b)° Cleaning stations with
hot water or stesm: .should
be on or near route

(c) Clean at end of operation daily
[ r

(3) Sanitation items that should
be coordinated with base
~ medical services

. -

*
\
—

ot



{a) Special incimerstors - L
are required for bospital )
waste . . .

o .

0 1‘ Human waste

1 wa‘ ; ‘o

s (b) This type of waste must
: not be disposed of in
sanitary fil:l

(4) Correct procedurea for
covering daily layers of
compacted refuse

J

(a) Refuse should.be
-completely covered and
campacted at the end of
each day

¢

™




(b) Do not lcave refuse ex—
posed I

_ (¢) ©oncrete waste and ocrap
lumber -should not-be: -
placed near surface

% ~

1 Allows possible
rat harborage

’

2. May create odor

' problems
(d) Two feét of cover for "
final cover ‘

1 Six inches for seal-
ing cell at end of
day

>

2 Allow six inches for
settling in first
few weeks .

APPLICATION:

_Have gtudent accomplish
WB 3ABRS56330-VII-6-P1
¢ 1o




EVALUATION _ . . :

" Evaluate by oral or written quest:tons, _— >
and/or observation of student's .
performance’ during lesson, This
may be accanplished at any tim during -

".1lesson for increased ?ffectiveness. . .
C—
1 . i
‘ ‘( - 5
' | o)
) " CONCIUSION (5 Min)- . ’ ..
SUMMARY:
' 9
Cover main point of lesson md student )
questions
{
* R \
~
- REMOTIVATION: .
' Reemphasize why student needs to
remember and a.pply what he has learned
] ' . . . . . -
. STUDY ASSIGNMENT: : T, :
NONE ‘ > .
. ¢ .
-t N B « ’ ¢
" ' ) “ - ‘ \
. 'o ~ "
. L. -
. p .
t a —--i -
328 '
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LESSON PLAN ( Pert'l, Gonerel)

APPROVAVL OFFICE AND DATE INSTRYUCTOR
TCETC/17 )
COURSAE NUMBER COURSE TITLE
3ABR56330 Environmental Sup) rt Specialist .

BLOCK NUMBER SLOCK TITLE
\'281 of Solid ﬁgg;e

ollection Transportation, and Disposal

LESSON TiTLE t

‘I Public Healthr and Nuisance Aspects (Day 60)

" LESSON DURATION : R
cgusuoou/uoounonv COMPLEMENTARY . TOTAL . b
1Hr - . 0 . 1 Hr
. POI REFERENCE i :
PAGE NUMBER PAGE DATE ‘ PARAGRAPH
53 - 8 Jun 75 7
\ STS/CTS REFERENCE ‘
NUMBER - DATE }
563X0 ° . 28 July 1971
SUPERVISOR APPROVAL .
" SIGNATURE DATE T SIGNATURE DATE
P "
PRECLASS PREPARATION
EQUIPMENT LOCATED EQUIPMENT ’ . A AIDS A
N LASGRATORY - rmlsunn.v CLASSIFIED MATERIAL ' ungn..u;rr.f:o'::r::uu.
None None , None . |SG vII-7 -
: - . WB VII-7-P1
» o 1 AFM}‘91-11
}
]
/

CRITERION OBJECTIVES AND TEACHING STEPS

Ta, Using AFM 91-11, list the jtems that would be a health hazard or a nuisance to
personnel operating a solid waste dispecsal system.

(1) Insects \ /
(2) Hazardous wastes ' , /
(3) High water table /

" (4) Dust and odors i
(5) Blowing paper ‘ 1‘

7b, Using information provided, list the disposal act1v1t1es which will be
coordinated with bage medical services. . ;

(1) Operating medical incinerator ;
~ (2) Disposal of hospital wastes .

. L
ATC O™, 770




R S
.

COURSE NO: 3ABR56330 .~ BRANCH APPROVAL: W .
DAY 60 DATE: _&_&,_io ,

". ‘ < PART II he -
' INTRODUCTION (5 Min) T
CHECK PREVIOUS DAYS STULY ASSIGNMET

REVIEVW:

ATTENTION:
OVERVIEW:
MOTIVATION:

BODY (50 Min)
PRESENTATION ; ' ' -
7a. Using AFPM 91-11, list the items
that would be a health hazard

or a nuisance to personnel
operating a solid waste disposal

syst?.

(1) Insects

33




(a) Flies

Q

L Carry diseases

[

2 Bothersome

\

|

*1

] | v’
_ : |
i

i

J

%

\

|

(b) Mosquitoes

L .

1 No standing water .

- 2 Periodic spraying |
for control : ' : )

(2) Hazardous wastes

- Soo- @y Texie

(b) Infectious

(¢) Combustible

e e

(3) High vater table

e 2T

(a) Mobility of equipment




(b) Flotation of Refuse

¥

(4) Dust and odors

(a) “Use pressurized
water '

/

(b) Water truck if
‘pressurized water -
not available

(5) Blowing paper

Using information provided,

list the disposal activities which will -
be coordinated with base medical
services.

[T —,

(1) Operating medical incinerator
(2) Disposé,l of hospital waste

" APPLICATION: Have students to complete
WB 3ABR56330-VII-7-Pl




EVAIUATION:

_— Evaluate by oral or written questions,
) and/or observation of student's )
' .performance during lesson. This
miy be accomplished at any time during
lesson for increased efiectiveness.

SUMMARY :

Cover main points of lesson and
students questions.
REMOTIVATION:

Reemphasize why student needs to

STUDY ASSIGNMENT:

NONE

— ——————remember-and—apply what he han Jearned

CONCLUSION (S Min)

e = s e i -5 v 0n
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STUDY GUIDE SABR56330-VI-1 thru 8

¢

AY
N

/.
v R

Department of Civil Engineering Training '

_ : Engineer Environmental Support Specialist |

COLLECTION, TRANSPORTATION AND DISPOSAL OF SOLID WASTES

16 August 1971

SHEPPARD AIR FORCE BASE, TEXAS .

Designed For ATC Course. Use

' DO NOT USE ON THE JOB
Q ’ Q) .
| o 734




PURPOSE OF STUDY GUIDES AND WORKBOOKS

2

Study Guides and Workbooks are training publications authorized by Air Training
Command (ATC) for student use in ATC courses.

- }
The STUDY GUIDE (§G) presents the information you need to complete the unit of
instruction, or makes assignments for you to read in other publications which con-
tain the required information.

The WORKBOOK (WB) contains work procedures designed to help you achieve the
learning objectives of the unit of instruction. Knowledge acquired from using the

study guide will help you perform the missions or exercises, solve the problems, -

or answer questions presented in the workbook.

The STUDY GUIDE AND WORKBOOK (SG/WB) contains both SG and WB material
under one cover. The two training publications may be combined when the WB is
not designed for you to write i, or whenboth SG and WB'are issued for you to keep.
M |}

SGs and WBs are df,:uigned for ATC course use only. Theyare updatedas necessary

for training purposes, but are NOT to be used on tk.e job as authoritative reierences )

in preference to Technical Orders or other oﬁ’icul pubhcatxonl.

o ~

ST 337
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Days 56 - 60

;,\ ‘ TABLE OF CONTENTS
- . uNIT - TITLE

'SG 3ABR56330-VII-

-1, - Introduction to Solid Waste Processing

"2, Duties of a Solid Waste Monitor

-3, Solid Waste Collection Planning and Procedures

-4, Solid Waste Collection and Transportation Equipment

-5,  Solid Waste Disposal Methods and Their Operation
-6,  Sanitation in Solid Waste Processing

" “7,"  Public Health and Nuisance Aspects

-8, Forms and Reports
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Dept of Civil Engineering Tng SG 3A1B6R iﬁgz;vl‘gﬁ

Sheppard AFB, Texas.
INTRODUCTION TO SOLID WASTE PROCESSING

%
. . ' - T
OBJECTIVE ' ' \

Upon completing this urit of instruction you will be fa.miliar wlth definition, classi-
fication, description, segregation and methods of refuse disposal.

INTRODUCTION

In order for the solid waste monitor to properly manage a collection system, he
must first be able to define the different types of refuse and the different types of pickup
stations. The monitor must also be able to determine the best method of disposal.

ST U'DY “ASSIGNM ENT

AFM 85-11, Refuse Collection and Disposal, Part A, Section 1 General Al.01
Purpose and Scope ~Al, 02
Responsibility - A1.03 .

Definitions. - Al, 04 Classification of Refuse. : -

QUESTIONS
1. What is refuse? ) .

2. What is rubbish? T -

. S
g T
SRS

3. What would be considered saivage or salable materials ?
4. What is a sanitary fill? . '

5. How are medical wastes disposed of?




SG SABR56330-VII-2

DUTIES OF A SOLID WASTE MONITOR

OBJECTIVE

pro'n completing this unit of instruction you will be familiar with the duties of a.
solid waste monitor, : : .

INTRODUCTION

On some bases solid waste disposal-functions are performed by Air Force
personnel, on other bases these duties are performed by a contractor, In any case,

a solid waste disposal monitor would be assigned to make sure the tagsk is completed
in the proper manner.

DUTIES OF A SOLID WASTE DISPOSAL MONITOR

Monitors solid waste collection, transportation,-anddisposal processing facilities.
Monitors discarding units for proper_segregation of materials such a# combustible
trash, metals, glass, paper;~wood, salvageable materials and ashes. Monitors the
collection and-transportation-of combustible and noncombustible solid waste from-pickup.
'Stations to points of disposal. Posts operating records daily for-each collection vehicle
indicating type of material collected and total cubic yards delivered to place of disposal.
Coordinates. with base medical service on procedures for radioactive waste disposal.
Plans collectiqn—'i'outes,xtgoutrolq deliveries to disposal facilities and expedites unloading
operation for economics and safety. Maintains materjal inventory at disposal points
. for metals, paper, wood, and other reusable wastes. Monitors operations for efficient

utilization of mechanized equi\pxgj'ent.

QUESTIONS

1. Name the monitoring duties of discarding units.

2. List the monitoring: reapbnsibjnt.ies involved in the,.collection procedure.
3. Would the monitor of the collection equipment overhaul ;he equipment ?
4. List the monitoring duties of the disposal areas.

REFERENCES

AFM 39-1, Airman Classification Manual

-




g o
SG 3ABR56330-VII-4 .

- T %
SOLID WASTE COLLECTION AND TRANSPORTATIPN EQUIPMENT
OBJECTIVES ~
The purpose of this study guide is to aid you in learning the different types of.solid

~

waste collecting and transporting equipment. .- . ~
INTRODUCTION

Collection equipment must be carefully selected and placed conveniently, The size
and type of equipment must be selected to fit the job., Vehicles are then selected to fit
the job to be performed. The complete system must then be supervised to conserve
manpower -and money. - .

-

'STUDY ASSIGNMENT

AFM 85-11, Part B, Refuse Collection Section 2, Collection Equipment,
B2.01 General. " . ’ ;
B2.02 General Purpose Trucks. -

B2.03 Semitrailers. 4 '

B2. 04 Special Collection-Bodies.

B2.05 Multiple Container Trucks.

B2, 08 Correct Operation of Collection Equipment.

QUT,\‘XIONS Y, .
1. at should be taken into consideration when selecting solid waste equipment for

an ﬂita:ation'? _ >
2. 'Where \e semitrailers used in 2 solid waste collection system ?

How mucﬁ\t\ioes‘ a built-in compaction mechanism normally ‘reduce the volume of
compressibls materials ? .

. \
The bodies on\bucket loaders can usually contain from . to
- cubic yards of refuse,

What type of system is used to raise and lower collection bodies on solid waste
collection equipment\? . '

-~




$SG 3ABR56330-VII-5

et . 4

SOLID WASTE DISPOSAL METHODS AND THEIR OPERATION 3

’
~

OUBJECTIVE ‘

The purpose of this study guide is to aid you in lea:'n.lng solid waste disposal
‘methods and how these facilities operate. ’ ' .

INTRODUCTION L.

Solid waste disposal methods have become increasingly important in the past few
years. Properly disposed of, solid waste will not create any problems from a sanitary
standpoint. A solid waste disposal area that is not properly managed and operated

. will create hazards from disease bearing rodents and insects and create the nuisance
of sight and smell. The land used to dispose of solid waste cannot be reused if proper -
sanitary land fill methods. have not been followed. _ \ :

Y

STUDY ASSIGNMENT ‘ ' .

1. AFM 85-11, Part C, Disposal Methods; Section 1, General
C1-01 Methods. .
Cl1.02 Weight Factors

2. ' AFM 85-11, Section 2, Sanitary Fill.

C2.01 General. - -,
C2.02 Sight Selection. e
C2. 03/Method of Operation.
C2.04 Construction Requirements for Trench Method.
C2.05,Operating Personnel. ,
_C2.06 Equipment Application. y _
C2..07 Correct Operation of Earth Moving Equipment. ~ D
C2.08 Section of Trénch. '

°  C2.09 Operating the Fill.
C2.10 Low Temperature Operation.
C2.11 General Practices.
.C2-12'Correct Operation of.Sanitary Fill.

3. AFM 85-11, Section 4, Incineration. , o e
C4.01 Emission Visibility Standards for Incinerators. e -

C4.02 Site Selectionv - "

'C4.03 Safety Measures.

C4.04 Charts, Signs, and Records

C4.05 Tools. C

C4.06 Persannel Requirements and Labor Schedules. . : .

C4.07 Incinerator Capacity. '

C4:08 Temperature Range




1.
2.
3,
4,
5.
8.
1,
8.

LY

C4.09
C4.10
Ci.11

40127

C4.13

/\'

Materials Unsuitable for Incineration.
Placing Incinerators in Service.
Taking Incinerators Out of Service.
Types of Incinerators. .

Barrel Arch Incinorators.

.Charging Hqod Incinerators.

C4.14

C4.15 Medical I/ncinex_'ators

'QUESTIONS - ¢

What does the term *urban area'" mean in relation to equivalent population?

lName some of the advantages of a sanitary land ﬂll

What type of waste may not be disposed of in-a sanita.ry land fi11?

What are some considerations when selecting a location for a sanitary land fill?

What are bumper logs used for at the sanitary land #1117

How often should the refuse pile be sealed?

What is the purpose of portable fences at the sanitary land fill?
How is the barrel arch incinerator burning ‘capgoity rated?

4

, =
™ -




SG 3ABR56330-VII-6
SANITATION IN SOLID WASTE PROCESSING
OBJEQTIVE -. ‘

Upen complZ?ing this unit of i \ r{nction, you will be familiar with the sanitation
- . aspects in solid waste processing. )

-~

INTRODUCTION -
a . ' “ ‘
¢ Good'sanitation practices must be followed in the storage collection and disposal
of solid waste. The discarding units as vgell as the collection and disposal crews must
be alert so that no health hazard is allowed to develop. Fles and other vector must'not
beconie a nuisance at the collection or disposal points,
STUDY ASSIGNMENT

o * AFM 95:11, Part A, Introduction; Seétio 2, Sanitation; A2,01 through A2.05,

~

! QUESTIONS

' 1. Who has the responsibility of keeping the area around the receptacle stands clean?

&

2. Where are receptacle stands located? . _
3. Howis the size of a receptacle stand deterniinéd:? ’ .
4. How high should the top surface of a receﬁtacle be‘ from the ground surface?
5. How often should garbage cans be:washed?
ﬂ 6. If there are no centrai can washing f.aciliti,es, who is responsible for wasixin'g
tllig‘cans? ' o . ‘o
7. gjow often should the i_néide of collection trucks and containers be washed?

L]




T - , SG. 3ABR56330-VII-T
PUBLIC HEALTH AND NUISANCE ASPECTS '

OBJECTIVE , ,

The purpose of this study guide is to aid you in learning the public health and
nuisance aspects of solid waste collection and disposal

L

INTRODUCTION

-

‘Public health and nuisance aspects must be known l;efo:e any attempt is made to
dispose of solid waste. Vector control must be closely\supervised The site must be™e
. selected and managed so that no water pollution occurs. o Air pollution, dust and odors
must be closely controlled Air poliution is one of the blg factors governing incinerator
operations. 1 \

¢ Public health and nuisance aspects will be discussed under the following main

headings..
| * METHODS OF VECTOR CONTROL [ ‘\

*  PRECAUTIONS AGAINST WATER POLLUTION . \
*  REDUCTION OF AIR POLLUTION o

*  CONTROLS FOR DUST AND ODORS

* HEALTH AND NUISANCE ASPECTS COORDINATED WITH BASE
MEDICAL SERVICES 5

N }

METHODS OF VECTOR CONTROL
o Vector control is not a major problem at a sanitary land fill that is operated
correctly. However, there are some precautions-that.must be taken. During the /
"summer months the compacted waste may be sprayed to retard the fly population.
No water should be allowed to stand in the area of a sanitary land fill. After the
trench is sealed checks must be made for rat burrows and the area resealed if any

are found.

. PR

- T T " PRECAUTIONS AGAINST WATER POLLUTION

\

High yater tables may cause many operational difﬁculties, such as inability to .
properly cpmpact the refuse; the flotation of refuse; and pla.ces limitation upon the X
mobility and usefulness of land fill and collection equipment. Water pollution may
be caused by direct horizontal or vertical leaching as a result of chemical contaminants,
biological contaminants, and the decomposition uvi products placed in the sanitary land
fill. A site having a hlgh water table may be used if only that portion of the site above
the water table is used. Two to five feet above known high water is recommended as a
minimum. For this type operation, cover material may be obtained on site above the
water {able or by hauling from another location. You may permanently lower the water

table with underground drains or drainage ditches. You cfould temporarily lower the

T 13 \ |




e A e o

How may high water tables permanently be lowered so sanitary land ﬁll operations
223 be used ?

[4)]

What are thé emission standards for incinérators based on?

5. Howris-dust controlled at the sanitary land fill?

7. Howis blowing paper controlled at the sanitary land fill? «
N . . . . l"‘ hid
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. ,/71/§) of this publication has (have) been deleted in

adaptlng this materiﬂl for inclusion in the "Trial Implementation of a

k
Hodel Svstem to Provide Military Curriculum Materials for Use in Vocational
and Technical Education.” Deleted material involves extensive use of

military forms, procedures, systems, etc. and was not considered appropriate

for use in vocational and;@echnical education.
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Dept of Civil Engineering Tng WB 3ABR56330-VII-1-P1

Sheppard AFB, Texas April 1975
INTRODUCTION TO SOLID WASTE PROCESSING e

OBJECTIVE -

The purpose of this exercise is to aid you in learning solid waste processing.
INSTRUCTIONS
Given AFM 91-11, answer the [ollowing questions:

1, Who is responsible for carrying out refuse collection and disposal procedures?
REFERENCE: Para (1-3) ?

2.  What two agencies prescribe safety and health standards for refuse collection and /
disposal procedures? REFERENCE: (1-1 a) ) /

_ j

3. ¥Define the following terms. REFERENCE: (Attachment 1) /

a. Refuse

b. Garbage -

¢, Debris

d. Salvage or salable materials




I .
o — \ )
e. Solid waste management T . .
¥
f. Furnace
'g. Grate
¥
h. Mixing chamber .
- i. Charging chute
I ~)
!
31,
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WB, 3ABR56330-V1[-2-P1
\ April 1975
. DUTIES OF A SOLID WASTE MONITOR - |
. \
OBJECTIVE .
The purpose of this cxercige is to
monitor,

|

1

E 4
aid you in learning the dutie
INSTRUCTIONS

\
s
¢ |

f

\‘of a solid waste
\
/

Given information in Study Guide VII-2, answer the following qu

-~

3

i
1,

i

Ve

e\\stions.
. |
What types of materials should be segregated by the discarding un‘it?

\

1
|
3

\
!
&

|

2, What information must be posted on the daily record for each collection vehicle?

3.

What must you do before disposing of radioactive waste?

.

4.

i
What information must be on the inventory of material at the disposal site?




5. List the monitoring respongibilities involved in the collection procedures.

6.  Would the monitor of the collection equipment repair the equipment?' Why2.-

—

7.  List the monitoring duties performed at the disposal areas;

’ ) 8, Summarize the duties of the solidcwaste monitor in your own words,

-

323
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SOLID WASTE -COLLECTION PLANNING AND PROCEDURES
OBJECTIVE .

The purpose of this exercise is to aid you in learning the solid waste collections,-
planning and procedures associated with all solid waste «ollection and disposal systems.

INSTRUCTIONS T ‘ 7 '

Given AFM 91-11, answer the [ollowing quesiions.

) .
What device is used to locate pickup ztations.in-relation to sources of waste and
to the disposal area? REFERENCE (2-10 a)

\

What type of collection reduces handllng; truck trips, and permits maximum use
of special collection vehicles? REFERENCE (2-9 ¢ )

03 - pe——

What manual is used as a guide for rofuse contract action? REFERENCE (2-11)

Why should hand unloading be avoided ? .REFERENCE (2-13 a)

-

How many barracks buildings are usually served by one pickup station?
REFERENCE_ (2-8¢) -




10,

-
How much will uncompacted solid waste from family housing mally .
weigh per cubic yard? REFERENCE (2-4 ¢ (2))
Who éelects the collection system best suited for local needs and re\gources?
REFERENCE (2-1) : _ \
. : \
\
— _ — _ - \
How often should general refuse be scheduled for pickup?. REFERENCE \2-93.(1))
‘\ \
\
‘Why are refuse trucks scheduled to staxrt collections at points farthest from the o
disposal area? REFERENCE (2-10c¢) & \ \
\
= \?._ Ew
' - )

— -

Are the loaders on 2 wast; dls;msai’collec‘tlon/Vehlcle required to segregale
materials at their plckup points? Explain, REFERENCE (2-12b(3))
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SOLID WASTE COLLECTION AND TRANSPORTATION EQUIPMENT »/

-

OBJECTIVE

The purpose of this exercise is to aid you in learning solid waste collection and

transportation equipment and some of the cautions that must be observed when operating

this equipment,
INSTRUC’I'IONS

r1'

2,

3'

A
-

Given AFM 91-11, answer the follawing questions, _ ~

/
/
N

In collecting refuse where would semitraners normally be used? ‘REFERENCE
(2-7 b)

/

S T [

, ' What are some of the advantaLes of special collection bodies used for collection
\and transportation of refuse? REFERENCE gz-v c)

'

Compaction type tmick bodies range in caplcnles from
. cuPic yard«s. REFERENCE (2-7 ¢(1))

One multiple container hoist an'd carry truck can usually service from

i

to . containers. REFERENCE (2-7 c(2)) ' \
What type of systern is used on-collection_trucks. tomaise and. lower the bodies?

. REFERENCE (2-12 c (2)(a))
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I } 6. What are some of the precautions that d:ould be observed when, loadlng a detached
i container on ascoueéztion truck? REFBRENCE (2-12 ¢ (2)(1)) .-

<
.

&

~
i

: ] ’ ! i
7.  What are some of the precautions that should be observed when operating a power
takeoff on a ccllection truck? REFERENCE (2-12 c(2)(b)) :

! I

N
\ ~

: . . /
8. Why are bumper logs used at the dump site? REFERENCE (2-12 c(2)‘(k))
§ t jr

H !
N3 i !
!

i

9, When operaﬁng a rear loading compaction vehicle what are some precautions
that must be observed? REFERENCE (2-12 c(2)(!) and (g)) /

'
. i . ]

i

!

. 10., What kind of container is recommended at the pickup station foxl storing edible .
. garbage? REFERENCE (2-5 a(T)) ’ °




- \‘l
. e - Y " . é@ %
B, 4 ' .
. . - \ * \
]
<y &4. - o
. 11, - What kind of container is recommended for storing cooked grease that can be
sold? REFERENCE (2-5 a(8)) . 1
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SOLID WASTE DISPOSAL METHODS AND THEIR OPERATION
OBJECTIVE
The purpose 3. this workbook is to md you in Ieaming solid waste disposal methods
and their operation.
1[NSTRUCTIONS
Given AFM 91-11, answer the. following questions, \
1. List some of the advantages of a sanitary landfill over other disposal methods.
REFERENCE (3-10) \ .
i —— “\ :
2. List the items that cannot be placed in a sanuuy landfill operation. REFERENCE i

3.

* 4‘

(3-10) | .

List the desirable terrain features for sanitary landfill operations, REFERENCE
(3-12a, b, and ©)

£\ \ :

What type of cover soil is used in the sanitary.landfili? REFERENCE (3-14b(1))




o0 methods of operation fora sa.nitary landfill? REFERENCE (3/ “14)

. :

|

{

i

I

|
3. What are the tw

’

terrain whére each method would be used. REFERENCE (3/14 «1))
/
: /

\ !
/

?
|
]
6. List the type of
l
|

stallation with 8,000 to 10 AOO men, how deep’should the% starting

REFERENCE (3-15 c)
/

7. ° To serve an in
anitary fill be?-

! trench in the s;
N -
! 4‘ /
8. How is blowing paper controlled during dumping operations at the sanitary landfill ?
REFERENCE ]3 -21D) / //
' I /
i a , // / /
| I f
g, How often should the surface and face of tho i1l be seal REFERENCE (3-214)
' L : j /
: l /
. 10. How long after| closing a fill should tfxe maintenance program be' continued? -
REFERENCE (3-21k)
1
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